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ANNOTATION 

An a t tempt  i s  made i n  t h i s  book t o  summarize t h e  exper ience  i n  
the  des ign  and a n a l y s i s  o f  a i r c r a f t  wheels and b r a k e s ,  b rake  

s y s t e m s ,  brake c o n t r o l  systems, and a n t i s k i d  systems. We examine 
some q n e s t i o n s  o f  t h e  s t a t i c  and fn+.+:cle s t r e n g t h  o f  a i r c r a f t  
wheels, c a l c u l a t i o n  o f  b r a k e  s e r v i c e  l i f e ,  brake dynamics, t echniques  
f o r  i n c r e a s i n g  brake  energy abso rp t ion  c a p a c i t y ,  and des ign  o f  t he  
b a s i c  a n t i s k i d  system elements .  The book is in t ended  idr personnel  
i n  t h e  a i rc raf t  i n d u s t r y  and o r g a n i z a t i o n s  o p e r t t i n g  a i - c r a f t .  



FOREWOFD 

The weight i n c r e a s e  and a l s o  t h e  inc reased  t a k e o f f  and l and ing  - 13 
speeds of passenger  and cargo a i r c r a f t  have l e d  t o  i n c r e a s e d  
compl ica t ion  o f  a i r c r a f t  wheel c o n s t r u c t i o n .  

The mechanical and tncrmal  loads  on t h e  wheels and brake 
sys t ems  have i n c r e a s e d  markedly. We need on ly  no te  t h a t  the wheel 
brakes o f  t h e  11-62 passenger  a i r p l a n e  must absorb an energy of 
about 18 - 10 i n  a s i n g l e  b rak ing  a f t e r  l and ing  which,when 
t ransformed i n t o  heat, raises t h e  tempeFatures of t h e  i n d i v i d u s l  
brake elements  t o  500° C .  The temperature  a t  t he  f r i c t i o n  s u r f a c e  
o f  t h e  f r i c t i o n  elements  i n  t h i s  case  may r each  1000 - 1100O C. 

6 

Along w i t h  t h e  development and p e r f e c t i o n  o f  a i r c r a f t  wheel 
c o n s t r u c t i o n ,  t h e  brake  c o n t r o l  sys tems have a l s o  become more 
complicated and advanced. For exampie, more than  100  d i f f e r e n t  
hydrau l i c  and e l e c t r i c a l  components are  used i n  t h e  11-62 brak ing  
system. 

I n t o r d u c t i o n  of an automatic  a n t i s k i d  c o n t r o l l e r  i n t o  t h e  b r a k e  
c o n t r o l  sys tem has  Deen necessary  i n  o r d e r  t o  improve braking  
e f f e c t i v e n e s s  and reduce t read wear. S p e c i a l  l i q u i d  o r  a i r  coo l ing  
systems are used t o  reduce b r a k e  tempera tures ,  and t i r e  p r e s s u r e  
r e g u l a t i o n  sys tems are used t o  improve wheel f l o t a t i o n  on va r ious  
s o i l s .  

v i  I 



Thus, t h e  range of q u e s t i o n s  a s s o c i a t e d  w i t h  t h e  des ign  of 
aircraft  wheels and brake systems has broadened cons iderably .  

The basic q u e s t i o n s  covered i n  t h e  book inc lude  ds t e rmina t ion  
o f  brake energy a b s o r p t i o n  c a p a c i t y ,  c a l c u l a t i o n  of a i r p l a n e  l and ing  
d i s t a n c e ,  a n a l y s i s  o f  t he  magnitude of  the c o e f f i c l e n t  o f  t r a c t i o n  
of t h e  t i r e  wi th  the airdrome runway s u r f a c e ,  and t h e  methods fcr 
thermal and s t r e n g t h  a n a l y s i s  of the b a s i c  wheel and b rake  components. 

We examine some q u e s t i o n s  of the  d e s i g n  and a n a l y s i s  o f  the  
brake system, a n t i s k i d  c o n t r o l  sys tem,  coo l ing  s y s t e m ,  t i r e  p r e s s u r e  
r e g u l a t i o n  system, and a l s o  c e r t a i n  q u e s t i o n s  of  t h e  des ign  and 
a n a l y s i s  of the  components of  these systems. The f i n a l  s e c t i o n s  
o f  t he  book cover  q u e s t i o n s  a s s o c i a t e d  wi th  wheel and brake t e s t i n g  
and t h e  equipment necessary  f o r  these t e s t s .  

The a u t h o r s  wish t o  thank Cand. o f  Tech. S c i .  I. I. Khazanov 
and V. N. Parfenov f o r  t h e i r  advice  and comments on i n d i v i d u a l  
s e c t i o n s  and Ye. S. Yudayev, M. S. Zukher, M. V. MFrlyucin, A .  A.  

Matveyev, Yu. P. Bazhanov, an2 A .  V. Reut for t he i r  a s s i s t a n c e  i n  
p repa r ing  the  manuscript .  

st All comments should be addressed t o :  Moscow, B-78, 1- 
Basmannyi Lane, 3, Yashinostroyeniye Press. 
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C H A P T E R  1 

A I R C R A F T  L A N D I N G  GEARS 

The s t a t i c  and dynamic loads  exper ienced  by a n  a i r p l a n e  when - / 5 a  
parked,  whi le  t a x i i n g  about t he  airdrome, and us ing  braking  are 
first t r a n s m i t t e d  t o  the l and ing  gear s t r u c t u r a l  e lements  ( s t r u t s ,  
b races ,  shocks,  and wheels) and then  t o  t he  a i r p l a n e  s t r u c t u r a l  
e lements  . 

The a c t i o n  o f  t h e  v e r t i c a l  dynamic loads  depends t o  a cons ider -  
able degree on t h e  c h a r a c t e r i s t i c s  of t h e  l and ing  gea r  shock s t r u t s  
and the  magnitude of  t he  i n t e r n a l  a i r  p r e s s u r e  i n  the t i res .  The 
loads  i n  t h e  brake s y s t e m  s t r u c t u r a l  e lements  ( l e v e r s  and r o d s )  are 
determined by  t h e  magnitude of  t h e  b rak ing  moment developed by t h e  
wheel Drakes. 

The ; t r eng th  and dynamic c h a r a c t e r i s t i c s  of  t h e  b rake  and laad- 
i n g  gea r  are i n t e r r e l a t e d .  For example, i n s t a b i l i t y  of brake o r  
b r a k e  system o p e r a t i o n  may lead t o  t o r s i o n a l  o s c i l l a t i o n s  o f  the  
s t r u t  around t h e  v e r t i c a l  a x i s ,  and i n s u f f i c i e n t  wheel axle s t i f f -  
ness  may lead t o  premature f a i l u r e  of bo th  t h e  wheel and t h e  b r a k e .  

*Numbers i n  t h e  margin i n d i c a t e  t h e  pag ina t ion  o f  t h e  o r i g i n a l  
f o r e i g n  t e x t .  

1 



Experience has shown tha t  a u s e f u l  o p e r a t i o n a l  r e l i a b i l i t y  
c r i t e r i o n  i s  t h e  r a t i o  o f  t he  l and ing  gear s t r u c t u r e  weight t o  t h e  
a i r  p l ane  weight and t h e  r a t i o  of t he  wheel and t i r e  assembly weight 
t o  the  l and ing  gear weight. From s t a t i s t i c a l  data f o r  p rev ious ly  
cons t ruc t ed  a i r p l a n e s  w i t h  t a k e o f f  weight from 45 t o  190 metric tons :  

- t he  weight of the main gear w i t h  completely o u t f i t t e d  wheels 
(wi th  t i r e s )  is  3.5 - 4.3% of t h e  a i r p l a n e  t a k e o f f  weight Gto, 

and t h e  weight o f  t h e  nose gear wi th  completely o u t f i t t e d  wheels i s  
0.3 - 0.64%; 

- the  main gear wheel-tire assembly weight i s  4 3  - 59% of 
the  t o t a l  gear weight and t h e  nose gear wheel-tire assembly weight 
is  1 8  - 29%. 

For p re l imina ry  c a l c u l & t i o n s ,  w e  can talce the  completely 
o u t f i t t e d  main gear weight t o  be 

2 3.85 Gto,  Gw 
and t h e  completely o u t f i t t e d  nose gear re ight  

z 0.47 Cto. 
Gng 

The weight o f  the  o u t f i t t e d  main gear wheels can be  taken  as 
about 50% and t h e  weight of  t h e  o u t f i t t e d  n3se wheels - 205 o f  
t h e  t o t c l  gear weight.  

1. Landing Gear Geometries 

The fo l iowing  l and ing  gear geometr ies  are used on a i r p l a n e s  
(F igu re  1.1) : 

- th ree-suppor t  gear w i t h  p i v o t i n g  a f t  ( t a i l )  wheel, in which 
t h e  pr imary  load  i s  on the  two main wheels l o c a t e d  ahead o f  the 
a i r p l a n e  c e n t e r  of g r a v i t y  (CG); 

2 



main gearj 

I TcG ---- airplane axis 

- -rJ 

_- 
CY 4 

Figure 1.1. Basic  l and ing  gea r  geometr ies .  
a- three-suppor t  w i t h  p i v o t i n g  t a i l  wheel; b- t r i c y c l e  w i t h  
c o n t r o l l a b l e  nose wheel; c- b i c y c l e .  

- three-support  gea r  w i t h  p i v o t i n g  forward (nose)  wheel, i n  
which the  primary load  i s  on t h e  two main wheels l o c a t e d  behind the  
a i r p l a n e  C G ;  

- b i c y c l e  o r  two-support gear w i t h  two a u x i l i a r y  outrigger 

wheels under t he  wings. I n  t h i s  scheme, a l l  t h e  loae  i s  on t h e  

wheels l o c a t e d  under t h e  fuse l age  behind and ahead of  t h e  a i r p l a n e  
CG. I n  t h i s  gear, t h e  o u t r i g g e r s  suppor t  t h e  wing as t h e  a i r p l a n e  
banks w h i l e  parked o r  t a x i i n g .  

A t  t h e  p re sen t  time, t h e  three-support  g e a r  w i t h  t a i l  wheel - 1 7  
(F igure  1 . 2 )  i s  found only  on r e l a t i v e l y  l i g h t  a i r p l a n e s .  I n  t h i s  

g e m ,  only  t h e  main wheels are brakec!. The primary drawbacks o f  t h z  
t a i l  wheel gea r  are inadequate  a i r p l a n e  maneuverabi l i ty  because of  
the  absence o f  a s teerable  nosewheel and t h e  p o s s i b i l i t y  o f  noseover 
i n  case  of excess ive ly  he:--y braking.  I n  t h i s  ca se  (F igure  1.31, 
t h e  i n e r t i a l  f o r c e  Pi whic, arises durir.g brak ing  c r e a t e s  an over- 

t u rn l - -  , moment about t he  p o i n t  Q whcrse magnitude i s  g r e a t e r  t h a n  

3 









Figure 1.6. Diagrams I l l u s -  
t r a t i n g  a i r p l a n e  d i r e e t i o n a l  
s t a b i l i t y  with d i f f e r e n t  land- 
i n g  gear conf i g u r a t  ions. 
a- gear with swive l ing  nose 
wheel; b- gear with swive l ing  
t a i l  wheel; c- gear with 
locked t a i l  wheel. 

We see- from the diagram of 
the f o r c e s  a p p l i e d  t o  the a i r p l a n e  
havlng the nosewheel gear that 
the c e n t r i f u g a l  Pc and side R, 

r e a c t i o n  forces (from the wheel 
side f r i c t i o n  f o r c e )  w i l l  create 
a moment which ellmlnatts the  
i n i t i a l  yaw and r e t u r n s  the air- 
plane t o  the  o r i g i n a l  traJectory. 
Therefore, the nose wheel g e e  
facilitates s l g n i f i c a n t l p  the 
p i lo t  s c o n t r o l  o f  a mul t ienglne  
a i r p l a n e  du r ing  takeoff In cas9 
of engine failure. Experience 
Shows that a i r p l a n e s  wi th  nose- 
wheels are capable of au tomat i ca l ly  
main ta in ing  r e c t i l i n e a r  takeoff run 
i n  case of engine failure. 

I n  the tailwheel gear a i r p l a n e  
case, the f o r c e s  wMch arise during 
d r i f t  w i l l  t end  t o  t u r n  the a i r p l a n e  
s t i l l  further;  t h e r e f o r e ,  the t a i l  
wheel is locked, i.e., fixed in the 
n e u t r a l  p o s i t i o n ,  du r ing  the t a k e o f f  
run I n  o r d e r  t o  improve the d i r e c -  

t i o n a l  s t a b i l i t y .  

arises on the wheel and t h e  moment of  t h i s  f o r c e  about the a i r p l a n e  
CG is s t a b i l i z i n g ,  i.e., it reduces t he  d r i f t  angle  8,. 

When the tailwheel i s  locked,  a side f o r c e  FSt 

I n  a d d i t i o n  t o  d i r e c t i o n a l  s t a b i l i t y ,  t h e  so-ca l led  a i r p l a n e  
weathercock s t a b i l i t y ,  which shows up i n  a crosswind and a i r p l a n e  
landing  w i t h  d r i f t ,  i s  a l s o  im,?ortant. We noted above that a 
couple (side f o r c e  P, on t h e  main wheels and c e n t r i f u g a l  f o r c e  Pc 

appliecl a t  the  CQ) I s  c r e a t e d  at t he  i n a t a n t  of con tac t  w i t h  t h e  
ground. The moment of t h i s  couple i n  t he  c a i e  of d t r i c y c l e  gea r  

7 





Figure 1.8. Basic geometric parameters of nosewheel l and ing  gear. 

2. Basic Geometric Parameters of Tricycle Gem and I ts  Arrangement 
on the Airplane 

Locating the t r i c y c l e  gear on t h e  airplane reduces t o  determining; 
the optimal wheelbase and t r a c k  dimensions and a l s o  s e l e c t i n g  a -- /12 
r a t i o n a l  l o c a t i o n  of the  main wheels r e l a t i v e  t o  t h e  airplane CG. 

The minimal acceptable distance a from the a i r p l a n e  CG t o  the 
main wheel axle is determined by the fo l lowing  condi t ion :  t h e  
p r o j e c t i o n  of the CG on the h o r i z o n t a l  plane with any a i r p l a n e  
p o s i t i o n  r e l a t i v e  t o  t he  airdrome s u r f a c e  must zlhL .? remain ahead 
of the v e r t i c a l  plane drawn through the l i n e  of con tac t  of t h e  main 
wheels w i t h  the  ground (Figure 1 .8) .  If th i s  cond i t ion  i s  not  m e t ,  
the  a l r p i a n e  t a i l  s e c t i o n  may strike t h e  airdrome s u r f a c e  du r ing  
landing and t a x i i n g .  

I n  e x i s t i n g  des igns ,  the  r a t i o  of  the parameter a t o  the  wheel- 
base b v a r i e s  i n  the range 0 . 1  - 0.15. 
s t r u t  axis t o  t h e  v e r t i c a l  i s  considered p o s i t i v e  i f  t k e  s t r u t  i s  
swept for-Hard and negat ive  i f  t h e  & r u t  i s  swept a f t ,  o r  zero  i f  t h e  
s t r u t  i s  v e r t i c a l .  Usually,  t h e  p o s i t i v e  and negat ive  angles  vary 
i n  t h e  range +(lo - 1 2 O ) ,  and we c m s i d e r  t h a t  a negat ive  angle 
c r e a t e s  greater s t a b i l i t y  dur ing  a i r p l a n e  r o l l o u t  with brakiiig. 

!he s lope  ast o f  t h e  shock 

The wheelbase b i s  t h e  d i s t a n c e  from t h e  main wheel  a x l e  t o  
the  nose wheel ax le .  It i s  advisable  t o  make t h e  wheelbase as large 
as p o s s i b l e ,  s i n c e  t h i s  reduces t h e  v e r t i c a l  loads  on the .nosewhee1 
from the  a i r p l a n e  weight.  I n  spi te  of t h e  f a c t  t h a t  forward s h i f t  
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of the  nosewheel  i n c r e a s e s  t h e  
l e n g t h  o f  t he  nose part of t h e  fuse- 
lage which exper iences  the load 
from t h e  nose wheel, the longer  

t wheelbase is  sometimes s t r u c t u r a l l y  
advantageous. The r a t i o  of  t h e  
wheelbase b t c  a i r p l a n e  l e n g t h  L 

b) C )  d) 4 

Figure 1.9. Landing gear s t r u t  v a r i e s  i n  t h e  range 0.25 - 0.35. 
conf igu ra t ions .  
a- t r u s s ;  b- c a n t i l e v e r  beam; 
c- braced beam; d- beam t r u s s .  The l a d i n g  gear  t r a c k  Bw is  

determined from t h e  cond i t ion  that 
the wingt ips  not  con tac t  the  runway when t h e  a i r p l a n e  lands  wi th  
bank angles  up t o  l o o .  A wide t r a c k  &e8 it p o s s i b l e  t o  c o n t r o l  
the a i r p l a n e  more e f f e c t i v e l y  wi th  the brakes when novfng over  t h e  
ground. However, an  excess ive ly  wide t r a c k  i n c r e a s e s  a i r p l a n e  
s e n s i t i v i t y  t o  inadve r t en t  t u r n s  as a r e s u l t  of  any wheel impacts 
on airdrome i r r e g u l a r i t i e s .  
wing span. 

- 113 
Usually the t r a c k  i s  20 - 30% of the  

The ;ear s t r u t s  vary i n  conf igu ra t ion  as shown i n  Figure 1.9. 

With r ega rd  t o  shock absorber  l o c a t i o n ,  w e  d i f f e r e n t i a t e  
t e l e s c o p i c  s t r u t s  which are i n t e g r a t e d  with t h e  shock absorber  and 
s t r u t s  wi th  e x t e r n a l  shock absorber .  With regard t o  s t r u c t u r a l  
c o n f i g u r a t i o x ,  we d i f f e r e n t i a t e  gears o f  t r u s s  cons t ruc t ion  (see 
Figure 1. . . a ) ,  cant  i l e v e r  beam gear  (see Figure 1.9b) , braced beam 
gear t ae  Figure 1 . 9 ~ 1 ,  and the  beam t r u s s  gear  (see Figure l . 9 d ) .  

The t r u s s  gear cons t ruc t ion  i s  bulky, c r e a t e s  high d rag  du r ing  
t skeof ' f ,  and a l s o  leads t o  r e t r a c t i o n  d i f f i c u l t i e s .  It i s  used 
p.pimarily .?rt airplanes wi th  low t akeof f  and landing  speeds. 

%he c a n t i l e v e r  beam gear without brac ing  (see Figure 1.9b) I s  

s t r u c t u r a l l y  t h e  simplest and i s  convenient f o r  f o l d i n g  dur ing  
r e t r a c t i o n  i n t o  t h e  corresponding fuse l age  o r  wing bays. 
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Figure 1.10. Beam t y p e  main 
gear leg c o n s t r u c t i o n  with 
r e t r a c t i n g  brace.  

Figure 1.11. Beam t r u s s  main gear 
s t r u t  cons t ruc t ion .  

The beam t y p e  braced gear i s  most widely used. The main 
s t r u c t u r a l  f e a t u r e  of  t h i s  gear is t h a t  t he  upper end o f  t h e  s t r u t  
is  r i g i d l y  attached t o  the wing, but  i s  hinged i n  t h e  p lane  perpen- 
d i c u l a r  t o  t he  s t r u t .  The lower end of  the s t r u t  is extended i n t o  
p l ace  by a brace.  Figure 1.10 shows a beam main gear l e g  c o n s t r u c t i o n  
with side brace  f o r  r e t r a c t i n g  and ex tending  t h e  gear l eg .  

The beam trass type  landing  gear c o n s i s t s  of a str;It r e in fo rced  
by a sys t em of  braces  and rods  which reduce t h e  bending moments 
a c t i n g  on t h e  s t r u t  and i n c r e a s e  i t s  s t i f f n e s s .  A t y p i c a l  main 
gear l e g  of the  beam t r u s s  s t r u t  cons t ruc t ion  with bogie i s  shown 
i n  Figure 1.11. 

Most modern airplanes w i t h  t a k e o f f  weight of 40 me t r i c  t o n s  o r  
more have multiwheel bogies .  On such bogies ,  i t  i s  necess f ry  that 
the braking moments of t h e  f r o n t  and r e a r  bogie wheels be  completely 
u t i l i z e d  i n  o rde r  t o  achieve maximal brak ing  effect .  T h i s  i s  
achieved wi th  the  a i d  of a sys t em of t i e  rods and braces  comprlsing 
a compensation mechanism. 

- /14 
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Figure  1.12. Multtwheel main gear leg bogie .  
1, 6- wheel a x l e s ;  2- brace; 3- shock absorber ;  4- s t r u t ;  5- 
bogie  a x l e ;  7- t i e  rod;  8- brake; 9- f l ange ;  10 ,  11- l e v e r s .  

F igure  1 .12  shows a bogie  having such a mechaxism. The bogie  
is  equipped w i t h  f o u r  wheels mounted i n  pairs on t h e  axles 1 and 6. 
The a x l e s  are r i g i d l y  mounted i n  t h e  f o r k  o f  a welded framework which 

i s  hinged t o  t he  s t r u t  4 .  
f l ange  9 and the  f l a n g e  9 i s  connected w i t h  t h e  l e v e r  10 o r  11 by 
s p l i n e s  and can r o t a t e  through some ang le  r e l a t i v e  t o  t he  a x l e s  1 
and 6. 
t i e  rod 7. The f r o n t  l e v e r  1 0  i s  a l s o  connected wi th  the  shock 
abso rbe r  3 and t h e  b race  2. The b rak ing  moment from t h e  rear wheel 
i s  taken  by t h e  l e v e r  11 and from t h e  f r o n t  wheels by t h e  l e v e r  10.  
The braking  moment from t h e  rear wheels I s  t ransformed I n t o  a f o r c e  
which is  t r a n s m i t t e d  by  t h e  rod 7 t o  the l e v e r  10 .  The o v e r a l l  load  
from t h e  a c t i o n  o f  t h e  f r o n t  and rear  wheel brak ing  moments i s  taken  
through the  brace  2 by t h e  s t r u t  4 .  Here r o t a t i o n  of  t h e  t J g l e  

The brake  housing 8 i s  b o l t e d  t o  the 

The l e v e r s  1 0  and 11 are connected w i t h  one ano the r  by t h e  

re la t ive t o  t h e  a x l e  5 i n  t h e  d i r e c t i o n  
and r e d i s t r i b u t i o n  o f  t h e  loads  between 

o f  a c t i o n  of  t h e  moments 
t h e  wheels does not  take 
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p lace  i f  the  bogie 1s i n  equ i l ib r ium under the  a c t i o n  of  t h e  braking  
f c r c e  Fb, t h e  o v e r a l l  f o r c e  Sbr i n  t h e  brace ,  and the r e a c t i o n  Ro i n  

the a x l e  5, which must pas s  through t h e  f r o n t  wheel a x l e  1, as 
fol lows f ro=  equ i l ib r ium of  the f o r c e s  on the axle 1. Since  t h e  
f o r c e s  Ro, Sbr, and Fb must i n t e r s e c t  at t h e  s i n g l e  po in t  0 for  

equi l ib i rum,  i f  w e  know t h e  l o c a t i o n  o f  po in t  0 ,  it i s  easy  t o  
determine the  r equ i r ed  d i r e c t i o n  o f  the  brace 2. 

- /16 

The cond i t ion  o f  equ i l ib r ium of t h e  f o r c e s  a p p l i e d  t o  t h e  bogie 
can be represented  i n  t he  form of  e q u a l i t y  of t he  moments o f  these 
f o r c e s  r e l a t i v e  t o  the a x l e  5, i .e..  

EM5 = 2Rm2 - 2Raw2 - 4Fbh f Sbrb 0 0, 

where Rfk is  the  r e a c t i o n  f o r c e  on t h e  f r o n t  wheels; Raw i s  the  

r e a c t i o n  f o r c e  on t h e  a f t  wheels; 2 is the d i s t a n c e  between the 
f r o n t  wheel a x l e  and t h e  s t r u t  a x l e ;  b i s  the distance between the 
s t r u t  a x l e  5 and the a x i s  of the  brace  2; H is t h e  s t r u t  a x l e  height.  

If r e d i s t r i b u t i o n  o f  t he  loads  between the  wheels does not  take 
p lace ,  t he  fol lowing e q u a l i t y  is  satisfied: 

Then, obviously,  

Sbrb - 4FbH = 0. 

By analogy, t h e  sum of  the  moments r e l a t i v e  t o  t h e  f r o n t  wheel 
a x l e  1 

CM1 = Sbra - 4Fbh = 0 ,  

where a is the  d i s t a n c e  between t h e  brace  and the  f r o n t  wheel axle; 
h I s  the  wheel a x l e  he ight .  
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Since EM1 = EM5, t hen  b/a = H/h. 

This r e l a t i o n  makes it p o s s i b l e  t o  determine the  d i r e c t i o n  of 
t h e  brace  2. 

3. Landing G e a r  Shock Absorber. System 

The landing  gear shock absc rbe r  sys t em reduces the loads  from 
t h e  impacts and shocks experienced by the wheels duping a i r p l a n e  
l and ing  and t a x i .  This system inc ludes  the gear shock absorbers 
and the tires. The work whieh the shock absorber s y s t e m  performs 
is u s u a l l y  termed t h e  normed work, s i n c e  It i s  s p e c i f i e d  by the 
norms and, i n  gene ra l  form, i s  determined from t h e  formula: 

v2 
An = %ed 2 2 (1.1) 

where A 

( a i r p l a n e  mass per  landing  gear leg);  and V 

v e l o c i t y  a t  the i n s t a n t  the  wheels con tac t  the runwey. 

is  the normed work; mred i s  the  reduced a i r p l a n e  mass n 
is the a i r p l a n e  v e r t i c a l  /17 

Y 

The norned work is s p l i t  between the  gear shock absorber  and 
the  t i re .  However, t he  shock absorber  work must  be c a l c u l a t e d  so 

t h a t  the f o r c e  a r i s i n g  a t  the  end of t he  absorber  t r a v e l . w i l 1  not  
exceed the al lowable load  on the  wheel. Otherwise, over loading  of 
t he  t i r e  i s  i n e v i t a b l e  and may lead t o  f a i l u r e  of both t h e  t i r e  and 
wheel. 

The shock absorbers  t ransform the a i r p l a n e  Impact energy a t  
the i n s t a n t  of touchdown o r  when the wheels encounter  o b s t a c l e s  
i n t o  the  heat of f r i c t i o n  f o r c e  work and working f l u i d  deformation. 
The absorbers  may be l i q u i d  gas, rubber ,  o r  s p r i n g  t y p e s .  

A t  t h e  p re sen t  time, t h e  l i q u i d  gas shock absorbers  are most 
wide ly  used, s i n c e  they provide most complete impact energy t r a n s -  
formation and a r e  compact and o p e r a t i o n a l l y  r e l i a b l e .  
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On t h e  basis of many y e a r s  o f  o p e r a t i n g  expe r i ence ,  t h e  
fo l lowink  basic requi rements  are imposed on l and ing  gear shock 
abso rbe r s ,  regardless o f  t h e i r  t y p e :  

1. t r ans fo rma t ion  of  t he  impact energy i n t o  heat o f  f r i c t i o n  
f o r c e  work du r ing  the  forward (working) s t r o k e  i n  o r d e r  tct reduce 
t h e  load  on t h e  a i r p l z n z  s t r u c t u r a l  components t o  the d e s i g n  va lue ;  

2. uniform and smooth i n c r e a s e  o f  the  l o a d  t o  t he  maximal 
va lue  a t  the end o f  t h e  forward s t r o k e ;  

3. s h o r t  shock abso rbe r  r e v e r s e  t r a v e l  t i m e .  

It should be noted  t h a t ,  i f  t n e  energy absorbed by t h e  shock 
absorber  i s  s t o r e d  i n  t he  form o f  energy o f  t h e  compressed working 
f l u i d ,  t hen ,  a f te r  removal o f  t h e  load ,  $he shock abso rbe r  w i l l  
ex tend  with high v e l o c i t y .  I n  t h i s  case ,  t h e  l and ing  gear elements  
exper ience  an  a d d i t i o n a l  shock load  which affects the a i r p l a n e  
s t r u c t u r e .  Therefore ,  a large p a r t  o f  t h e  energy absorbed by the  
shock abso rbe r  must be t ransformed i n t o  heat and d iss ipa ted  i n  
o r d e r  t o  reduce  such loads .  

The d i f f e r e n c e  between t h e  e n e r g i e s  absorbed by and r e t u r n e d  by 
the shock abso rbe r ,  t ransformed i n t o  heat,  i s  ca l led  the  hysteresis 
work. It i s  obvious that  t h e  magnitude o f  t h i s  work should be as 
large as p o s s i b l e  f o r  t he  shock abso rbe r .  

L e t  us examine t h e  c o n f i g u r a t i o n  of  the l i q u i d  gas shock 
abso rbe r  and ana lyze  t h e  p r i r , c ip l e  of  i t s  o p e r a t i o n  (F igure  1.13) .  

The shock abso rbe r  c o n s i s t s  of t he  c y l i n d e r  1 and the  p i s t o n  
rod 8 which travels i n  t h e  c y l i n d e r .  
attached t o  t h e  l and ing  gear s t r u t  o r  t h e  f u s e l a g e  and t h e  p i s t o n  
rod - t o  e i the r  t h e  wheel a x l e  o r  t h e  bogie  a x l e .  The rod has two 
suppor t s  i n  t h e  c y l i n d e r :  t he  upper bushing 3 and t h e  lower support  
7. The s l e e v e  2 ,  mounted r i g i d l y  i n  t h e  c y l i n d e r ,  can be p r o f i l e d  

The c y l i n d e r  i s  usua1i.y 

a long  the o u t e r  contour  o r  have a cons t an t  annu la r  s e c t i o n .  The - /18 
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item I1 

L. 

l i i  

FLgure 1.13. Cutaway o f  
l i q u i d  gas shock absorber .  
1- c y l i n d e r ;  2- s l e e v e ;  3- 
upper bushing; 4- r e s t r i c t o r  
o r i f i c e ;  5- r e v e r s e  t r a v e l  
r e s t r i c t o r  valve;  6- seal;  
7- lower bushing; 8- p i s t o n  
rod.  

r e s t r i c t o r  o r i f i c e  4 I s  l o c a t e d  I n  
the  bottom o f  the s l e e v e .  The 
znnu la r  r e v e r s e  t r a v e l  r e s t r i c t o r  
va lqe  5 i s  seated on t h e  p i s t o n  rod. 
The shock abso rbe r  chamber A is  
f i l l e d  w i t h  compressed n i t r o g e n  
a t  a n  a b s o l u t e  p r e s s u r e  o f  30 - 
60 kgf/cm2, wh i l e  chambers B and 
C are f i l l e d  w i t h  t h e  working 
f l u i d  (AMG-10 o i l  o r  a g l y c e r i n e  
mixture  i n  a r a t io  o f  708 g l y c e r i n e  
and 30% a l c o h o l ) .  An a n n u l a r  
clearance is  provided between the  
rod 8 and t h e  s l e e v e  2 for. working 
f l u i d  flow. The seal  6 is  provided 
where t h e  rod l e a v e s  t h e  c y l i n d e r  
i n  o r d e r  t o  e l i m i n a t e  f l u i d  
leakage. During t h e  forward 
(working) s t r o k e ,  t h e  rod  8 t r a v e l s  
upward. A t  t h i s  t i m e ,  t h e  gas i n  
chamber A i s  compressed and t h u s  
provides  f o r  subsequent r e t u r n  of 

t he  shock abso rbe r  p i s t o n  t o  the  o r i g i n a l  p o s i t i o n  af ter  removal o f  
t h e  load  on t h e  wheel. 

During t h e  working s t r o k e *  the f l u i d  i s  fo rced  from chamber B 
i n t o  the c y l i n d r i c a l  chamber A through t h e  anni i lar  c l e a r a n c e  between 
the  rod and the s l e e v e  2 and through t h e  r e s t r i c t i n g  o r i f i c e  4. Part 
o f  t h e  work performed d u r i n g  landing  i s  expended i n  f o r c i n g  the  f l u i d  
from chamber B i n t o  chamber A and i s  t ransformed i i l t o  thermal  energy 
and d i s s i p a t e d  i n t o  t h e  surrounding medium. Simultaneously w i t h  
upward movement o f  the  rod ,  t h e  f l u i d  from t h e  chamber A through 
the p o r t s  i n  the  rod opens t h e  annu la r  va lve  5 and e n t e r s  chamber C .  
F l u i d  flow from chamber A i n t o  chamber C takes place w i t h  small 
p r e s s u r e  l o s s e s .  During t h e  r e v e r s e  s t r o k e ,  t h e  p i s t o n  rod ,  subjec t  
t o  t h e  p r e s s u r e  of  t h e  gas i n  t h e  upper p a r t  o f  chamber A ,  begins  
t o  t r a v e l  downward. A t  t h i s  time, under t h e  f l u i d  p r e s s u r e ,  t h e  
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Figure  1 .14 .  Diagram i l l u s t r a t i n g  shock abso rbe r  o p e r a t i n g  p r i n c i p l e .  
a- shock abso rbe r  work diagram; b- schematic c l a r i f y i n g  shock 
absorber  o p e r a t l n n  du r ing  rod  forward s t r o k e ;  c- diagram i l l u s t r a t i n g  
shock abso rbe r  o p e r a t i o n  du r ing  p i s t o n  r e v e r s e  s t r o k e .  

va lve  5 c l o s e s  the  large ports  i n  t h e  rod  and the  f l u i d  f lows from 
chamber C i n t o  chamber A only  through t h e  small openings i n  va lve  
5 i t s e l f .  F l u i d  flow through these o r i f i c e s  provides  comparat ively 
slow shock abso rbe r  r e t u r n  t o  the  o r i g i n a l  p o s i t i o n  and s o f t e n s  t h e  
impact f o r c e  i n  t h e  r e v e r s e  s t r o k e .  The f l u i d  flows from chamber A 

p i s t o n  rod 8,  and through the  o r i f i c e  4. 
i n t o  chamber B through the  annu la r  s l o t  between t h e  s l e e v e  2 and /19 

The o p e r a t i o n  o f  the l i q u i d  gas shock abso rbe r  i s  c h a r a c t e r i z e d  
by the  diagrwn expres s ing  t h e  f o r c e  Psa a c t i n g  on t h e  p i s t o n  ve r sus  

rod t r a v e l  6sa (F igure  1.14a). 

examine t h e  shock abso rbe r  without  r e v e r s e  t r a v e l  r e s t r i c t o r  va lve ,  
whcse schematic  f o r  forward and r e v e r s e  p i s t o n  rod  s t r o k e s  i s  shown 
i n  F igures  1.14b and c .  I f  we ignore  t h e  i n e r t i a  f o r c e  of t he  
moving rod,  we can cons ide r  t h a t  t h e  e x t e r n a l  f o r c e  Psa and t h e  

r e t a r d i n g  f o r c e s  P 

equal. I n  t h i s  case, we have, f o r  t h e  forward s t r o k e :  

F ~ F  s i m p l i c i t y  of  the a n a l y s i s ,  we 

and P I ,  d i r e c t e d  o g p c s i t e  t h e  rod motion, are 
g 

(1.2) 
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where Psa is  t h e  e x t e r n a l  f o r c e  a c t i n g  on t h e  shock abso rbe r  p i s t o n  

rod;  P 

i s  t h e  r e s i s t i n g  fo rce  of t he  working f l u i d  as it  flows through the 
calibrated o r i f i c e s .  

i s  t h e  f o r c e  of  compressed gaa p r e s s u r e  on t h e  rod;  and Pt 
I3 

The f o r c e  P w i l l  vary i n  accordance w i t h  t h e  fo l lowing  law 
Q 

d u r i n g  the forward s t r o k e :  

P V” = c o n s t ,  (1.3) g 

where n i s  the p o l y t r o p i c  exponent (n 2 1 . 3 ) ;  V i s  thi  -,,.ipressible 
gas volume. 

I n  t h e  coord ina te s  Ps, and dYa, t he  EqKation (1.3) i s  r e p r e s e n t e d  

by t h e  curve ADB. 

on t h e  magnitude of t h e  i n i t i a l  p r e s s u r e  Po i n  t h e  shock abso rbe r  
(charg ing  p r e s s u r e ) .  

The i n i t i a l  o r d i n a t e  POsa of t h i s  curve depends 

The r e s i s t i n g  f o r c e  from f l u i d  flow t:irough the  c a l i b r a t e d  
o r i f i c e s  i s  

P2 = kVZ, 2 

whe1.e k i s  a c o e f f i c i e n t  of p r o p o r t i o n a l i t y  account ing  f o r  the 
s p e c i f i c  f l u i d  weight, v i s c o s i t y ,  and o t h e r  parameters; and V t  i s  
the  f l u i d  v e l o c i t y .  

The p i s t o n  rod v e l o c i t y  a t  t h e  i n i t i a l  and f i n a l  p o s i t i o n s  and, 
consequent ly ,  t h e  f l u i d  f low v e l o c i t y  are equal t o  zero.  Therefore ,  
t h e  f o r c e  P t  is  a l s o  equa l  t o  zero .  

t h e  f o r c e s  a r i s i n g  w i t h  f l u i d  motion on the  hys te res i s  diagram from 
the  curve ADB r a the r  than  from t h e  a b s c l s e a  axis, then  t h e  curve 
ACB w i l l  c h a r a c t e r i z e  t h e  magnitude of  t h e  o v e r a l l  f o r c e  Psa. 

i s  obvious t h a t ,  i n  t h i s  case ,  a l l  t h e  work performed by the  shock 
abssrber du r ing  t h e  p i s t o n  rod forwzrd s t r o k e  w i l l  be :  

I f  wc p l o t  t h e  magnitudes o f  

It 
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(1.5) 
'sa max 

%a t r 'sadS,, 
0 

and w i l l  be determined by the  area ACBFGA on the h y s t e r e s i s  diagram. 
It is obvious t ha t  t h i s  work vi11 be e q u a l  t o  t h e  normed work f o r  
t h e  l and ing  rear s t r u t  minus t h e  work At performed by the  wheel  
t i res ,  i .e. ,  

Asa = An - At .  (1 .6)  

During t h e  p i s t o n  rod  r e v e r s e  s t r o k e ,  t he  f l u i d  r e s i s t a n c e  as 
i t  flows from chamber A i n t o  chamber i3 w i l l  be 

where Vi i s  t h e  v e l o c i t y  

o y i f i c e .  

It is  obvious t ha t ,  

I n  F igure  1 . 1 4  t h e  

sen ted  by  the  curve AEB. 
f o r c e s  

Pi = k ( V i ) 2 ,  (1.7! 

of t h e  f l u i d  Plowing through the cal ibrated 

f o r  t h e  r e v e r s e  s t r o k e ,  

Ps, = Pg - Pi. ( 1 . 8 )  

d i f f e r e n c e  o f  t h e  f o r c e s  P - Pi i s  repre- 
f3 

Consequently,  t h e  work o f  t h e  r e s i s t anc  

n I j P sa de,, (1 .9)  - rev  
'sa max 

and dorresponds t o  t h e  are* BSAGFB on the  hys t e re s i z  diagram. The 

du r ing  t h e  forward and r e v e m e  rod  s t r o k e s ,  i . e . ,  t h e  work co r re s -  
ponding t o  t h e  h y s t e r e s i s  loop  area (ACBEA i n  Figure 1 . 1 4 )  

work performed by the  shock abso rbe r  i n  I t s  e n t i r e  working cyc le  - / 2 1  

1 1 

*hyst fwd r ev '  (1.10) 
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The p i s t o n  rod annular  c learance  flow s e c t i o n  area nas 8 very 
large inf luence  on the shape of  the curve ACB, c h a r a c t e r i z i n g  the 
v a r i a t i o n  of  the f o r c e  Psa a long  the  p i s t o n  rcd t r a v e l .  For most 

modern shock absorbers ,  t h i s  area amomts t o  2 - 5% of the rod area. 
I f  t h i s  area Is less than the  lower l i m i t ,  t h e  f l u i d  flow v e l o c i t y  
and i t s  r e s i s t a n c e  inc rease .  I n  t h i s  case ,  t he  f o r c e  on t h e  shock 
absorber p i s t o n  rcd i n c r e a s e s  dur ing  the forward s t r o k e  and decreases  
dur ing  the r eve r se  s t roke .  As a r e s u l t ,  t he  h y s t e r e s i s  loop area 
and, consequently,  the  shock absorber  work inc rease .  I n  t h i s  case,  
the  s h o c .  absorber  becomes stiff, i .e. ,  t he  f o r c e  i n c r e a s e s  more 
rap id ly  as a func t ion  of  rod t r a v e l .  
a hard landing,  the  f o r c e s  experienced by the a l r p l a n e  i n c r e a s e  
markedly. With inc rease  of  t h e  annLlar c learance  flow s e c t i o n ,  the 
shock absorber  becomes s o f t  hu t  the area of t h e  hysteresis loop and, 
consequently,  i t s  wcrk, decrease.  

T h i s  means t h a t ,  i n  case  of 

I n  o rde r  t o  ob ta in  a s u f f i c i e n t l y  e l a s t i c  shock absorber 
which is capable of performing the  s p e c i f i e d  normed work, we i n t r o -  
duce i n t o  i t s  c m s t r u c t i o n  a r e s t r i c t o r  valve which ope ra t e s  dur ing  
r eve r se  t r a v e l  of  t h e  p i s t o n  rod. I n  t h i s  case ,  t h e  d e f l e c t i o n  
dur ing  p i s t o n  rod forward t r a v e l  w i l l  aga in  take p lace  a long  the 
curve ACB, but dur ing  t h e  r eve r se  t r a v e l ,  it w i l l  fo l low t h e  curve 
EDA ( s e e  Figure 1 . 1 4 ) .  I n  such shock absorbers, t h e  forces inc rease  
mors smoothly dur ing  the p i s t o n  rod forward s t r o k e  and the  hysteresis 
Loop area decreases  very l i t t l e .  

I n  t he  l i q u i d  gas shock absorbers ,  t h e  flow s e c t i o n  area may be 
e i t h e r  constant  o r  v a r i a b l e  a long t h e  p i s t o n  rod length .  
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CHAPTER 2 

LOADS ACTING ON WHEELS AND BRAKES 

1. General Requirements on Wheels and B r a k e s  

A i r c r a f t  wheels and a i r p l a n e  brake systems must s a t i s f y  the 
requirements  established i n  t he  a i r p l a n e  a i rwor th iness  s tandards .  

Such s tandards  e x i s t  i n  va r ious  c o u n t r i e s  w i t h  c e r t a i n  
d i f f e r e n c e s .  We sha l l  p re sen t  the  b a s i c  assumptions and requirements  
on wheels, brakes, and tires from these s tandards .  

The main landing  gear wheels must be equipped wi th  brakes and 
be designed f o r  t h e  loads  at  the maximal a l lowable a i r p l a n e  t akeof f  
and l and ing  weights. I n  t he  rejected t akeof f  case ,  a t  maximal air-  
plane t akeof f  weight,  t h e  wheels and tires must not  ca t ch  f i r e  or  
b u r s t  when heavy braking  i s  used. One mandatory requirement is 
f o r  numerous s e q u e n t i a l  a i r p l a n e  t a k e o f f s  and landings ,  the number 
and i n t e r v a l s  between which depend on t h e  a i r p l a n e  mission. The 
wheel mounting on t h e  landing  gear must permit i n s p e c t i o n  of  the 
cond i t ion  of  the  pr imary  wheel attachment components and t h e  brake 
sys tem.  
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The wheel brakes must be designed f o r  brak ing  throughout t he  
e n t i r e  range of a i r p l a n e  l and ing  apeeds wi th  account f o r  t h e  possi- 
b i l i t y  of their  hea t ing .  H i g h  wheel r e l i a b i l i t y  under the  specified 
a i r p l a n e  o p e r a t i n g  cond i t ions  is mandatory. The brake e f f e c t i v e n e s s  
must correspond t o  the normed braking  f o r c e  work i n  the course of 
t he  e n t i r e  ope ra t ing  s e r v i c e  l i f e  established for  the  a i r p l a n e .  

The guaranteed braking  moment must provide a i r p l a n e  dece lera-  
t i o n  equal  t o  -0.2 g f o r  a l l  a l lowable a i r p l a n e  weights and c e n t e r  
o f  g r a v i t y  loca t ions .  The guaranteed braking  moment must hold the 
a i r p l a n e  with maximal takeoff w e i g h t  when parked on a 1 : l O  s lope.  
Moreover, t h e  brakes must provide parkir,g brak ing  Tor 24  - 48 
hours ,  operate un t i l  the  f r i c t i o n  material i s  ccnp le t e ly  worn o u t ,  
and provide e f f e c t i v e  brak ing  du r ing  opera t ion .  The p o s s i b i l i t y  of 

the new elements should be provided i n  t h e  brake design.  
r e p l a c i n g  damaged f r i c t i o n  elements without  pre l iminary  run-in of /23 

I n  o r d e r  t o  determine the loads  a c t i n g  on t h e  wheel and brake, 
w e  must have c e r t a i n  informat ion  on t h e  a i r p l a n e  f o r  which t h e  wheel 
is designed, namely: l and ing  gear conf igu ra t ion  and type ,  t akeof f  
and landing  weights, spec i f ied  landing  r o l l o u t  d i s t a n c e  w i t h  t h e  use 
o f  brakes, landing  and t akeof f  speeds, airdrome c l a s s  on which t h e  
a i r p l a n e  w i l l  be used, e t c .  These data make it p o s s i b l e  t o  determine 
the b a s i c  wheel and brake des ign  parameters. 

We sha l l  examine t h e  pr imary  f a c t o r s  determining the loading  
of  the braked wheel. 

2.  Moment o f  Wheel-to-Runway-Surface Trac t ion  Force 

The incompletely braked wheel, w h i l e  r o l l i n g  (Figure 2.1), i s  
sub jec t ed  t o  radial load ( P r ) ,  t r a c t i o n  moment ( M t r ) ,  and breking  

moment (I"$). 
and can be expressed by t h e  formula known from mechanics: 

The t r a c t i o n  f o r c e  moment* depends on s e v e r a l  f a c t o r s  

*It would be nore c o r r e c t  t o  c a l l  t h i s  moment t h e  moment or' t h e  
f r i c t i o n  f o r c e s  between t h e  t i r e  tread and t h e  runway s u r f a c e ,  b u t  
cons ider ing  tha t  t h e  term " t r a c t i o n  fo rce  moment" has become es tab-  
l i shed  i n  t h e  s p e c i a l i z e d  l i t e r a t u r e ,  we sha l l  r e t a i n  I t  unchanged 
i n  the  fol lowing d i scuss ion .  
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t 
where 1.1 is  t h e  c o e f f i c i e n t  of t r a c -  
t i o n  between t h e  t i r e  and t h e  ruii- 
way swface (IJ = Ftr/Pr); rw i p  

t h e  wheel geometr ic  r a d i u s ;  6def 

i s  the  t i r e  d e f l e c t i o n  under t he  
radial load;  rd i s  the  wheel 

dynamic r o l l i n g  r a d i u s  (rd 2 rw - 
6def);  and Ptr is  t h e  t r a c t i o n  

f o r c e  between the t i r e  and t h e  
runway surface. 

F igure  2.1. Forces  and moments 
a c t i n g  on wheel d u r i n g  braking.  

The t r a c t i o n  c o e f f i c i e n t  1.1 i s  
a v a r i a b l e  q u a n t i t y .  While va ry ing  ove r  q u i t e  wide l i m i t s ,  it can, 
i n  each s p e c i f i c  wheel load ing  case, reach a d e f i n i t e  l i m i t i n g  va lue  

( 2 . 2 )  - 
% i m  - Ftr max”r max* 

Experimental  s t u d i e s  have established t h e  dependence of  t he  
t r a c t i o n  c o e f f i c i e n t  1.1 on t h e  wheel r o l l i n g  v e l o c i t y ,  t i r e  p r e s s u r e ,  
t i r e  type ,  t i r e  tread cond i t ion ,  and runway s u r f a c e  cond i t ion .  I n  
t he  sk idd ing  case, t h e  braked wheel w i l l  s l ide wi thout  r o l l i n g  over  
t h e  runway su r face ;  i n  t h i s  case ,  t h e  t r a c t i o n  c o e f f i c i e n t  w i l l  be 

equa l  t o  the s l i d i n g  f r r c t i o n  c o e f f i c i e n t ,  which i s  the P a t i o  of t k e  
t r a c t i o n  f o r c e  ( F l t r )  o f  t h e  completely 3raked wheel t o  i t s  radlal  

load ,  i .e . ,  

- /25 

Numerous s t u d i e s  have shown thzt t he  l i m i t i n g  t r a c t i o n  c o e f f i -  
c i e n t  Plim always remains l a r g e r  t han  t h e  s l i d i n g  c o e f f i c i e n t  1 . 1 ~ ~ .  

The r e s u l t s  shown i n  F igu res  2 . 2  and 2.3 of s t u d i e s  of  a i r c r a f t  
t i r e  t r a c t i o n  c o e f f i c i e n t  dependence on s e v e r a l  f a c t o r s  make it 
p o s s i b l e  t o  draw t h e  fo l lowing  conclus ions :  
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Figure  2.2. Wheel t r a c t i o n  
c o e f f i c i e n t s  ulim and vsl ( f ~ r  

d r y  conc re t e  runway) as func- 
t i o n s  o f  t r a n s l a t i o n a l  v e l o c i t y  
V and t i r e  a i r  p r e s s u r e  po. 

F igu re  2.3. Wheel t r a c t i o n  
c o e f f i c i e n t s  ulim and usl ( f o r  
w e t  c o n c r e t e  runway) as f u n c t i o n s  
of  t r a n s l a t i o n a l  v e l o c i t y  V and 
t i r e  a i r  p r e s s u r e  po. 

- the  l i m i t i n g  t r a c t i o n  c o e f f i c i e n t  dec reases  wi th  i n c r e a s e  
of  the v e l o c i t y  V ( f o r  V = 0 ulim = 0.8, whi le  f o r  V = 250 km/hr, 

' l i m  = 0 . 5 ) ;  

- w i t h  i n c r e a s e  of  the  t i r e  p r e s s u r e  (Po), t h e  c o e f f i c i e n t  

decreases because of  r e d u c t i o n  o f  the area o f  t i r e  c o n t a c t  w i t h  ' l i m  
t h e  runway s u r f a c e .  

On a wet (a f te r  r a i n  o r  snow) conc re t e  runway, plim decreases 

s t i l l  more, s i n c e ,  i n  t h i s  case ,  only t h e  middle p a r t  o f  t h e  t r a c k  
obta ined  from tread c o n t a c t  w i t h  t h e  runway as the  wheel r o l l s  
remains d r y .  A s p e c i a l  tread p a t t e r n  may improve t h e  c o n d i t i o n s  
of  i t s  t r a c t i o n  w i t h  t h e  w e t  runway s u r f a c e .  

To c l a r i f y  the  in f luence  of t h e  tread p a t t e r n  on vlim, we can 

use t h e  exper imenta l  data f o r  automobile t i r e s  shown i n  F igure  2 . 4 .  
We see from t h e  curves  i n  t h i s  f igure  t h a t  i n t e rmed ia t e  va lues  of  - P 6  
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Flgure 2.4. T r a c t i o n  c o e f f i c i -  
e n t  p o f  a n  automobile t i re  
w i t h  va r ious  tread p a t t e r n s  
ve r sus  speed f o r  v a r i o u s  
runways (dashed l i n e  i n d i c a t e s  
d r y  pavement, s o l i d  l i n e  
i n d i c a t e s  w e t  pavement). 
a- road w i t h  conc re t e  pavement; 
b- road w i t h  asphalt pavement. 

The tire-to-runway-surface 

t h e  t r a c t i o n  c o e f f i c i e n t  f o r  both 
d r y  and w e t  pa-rement are ob ta ined  
for t he  tread w i t h  l o n g i t u d i n a l  
grooves ( t y p e  A ) .  The t i r e  w i t h  
tread t y p e  E showed good r e s u l t s  
i n  t h e  tezts.  

The v ( V )  curves  ob ta ined  f o r  
treads w i t h  d i f f e r e n t  p a t t e r n s  ( C ,  
D, E, and others) showed that t h e  
tread should not be cont inuous;  
it is  better i f  the  tread i s  com- 
pr i sed  o f  i n d i v i d u a l  segments 
(b locks ) .  The p o o r e s t  r e s u l t s  
were ob ta ined  on t i re  H wi th  worn 
tread. We n o t e  t h a t  t h e  r e s u l t s  
shorn  i n  F igu re  2.4 cannot be 

appl ied t o  a i rcraf t  t i r e s  without  
account f o r  t h e  i n f i u e n c e  of alr- 
p l ane  speed on the  s l i d i n g  
c o e f f i c i e n t  . 

t r a c t i o n  c o n d i t i o n s  depend cons ider -  
a b l y  on the degree of smoothness o f  the runway s u r f a c e  i t s e l f .  For  
example, i t  has been foilnd t h a t ,  du r ing  r a i n ,  a coa r se  conc re t e  
runway s u r t a c e  ( w i t h  greater roughness)  may be more f avorab le ,  
s i n c e  t h e  s u r f a c e  roughness may d e s t r o y  t h e  l i q u i d  f i l m  under t h e  
tread and the reby  improve wheel t r a c t i o n  w i t h  t he  runway d u r i n g  
braking.  

However, i f  t h e  runway i s  covered w i t h  a s u f f i c i e n t l y  t h i c k  
water layer ,  t h e  phenomer.on of  t i r e  hydroplaning on the  runway i s  
p o s s i b l e .  I n  t h i s  case ,  wheel s e p a r a t i o n  from t h e  runway s u r f a c e  
i s  even p o s s i b l e  a t  some d e f i n i t e  speed under t h e  i n f l u e n c e  of  t he  
hydrodynamic f o r c e s .  The speed a t  which t h e  wheel separates from 
the  runway i s  called t h e  hydroplaning i n i t i a t i o n  speed V hP 

25 



= 16.7- 9 vhP 

where po is  t he  t i r e  I n f l a t i o n  

p r e s s u r e .  

As a braked wheel r o t a t e s ,  
there is always some wheel sk idding ,  
i.e., t h e  braked wheei r o t a t f o n  

(unbraked) wheel r o t a t i o n  speed. 
The degree of wheel sk idd ing  tSSk 

i n  pe rcen t  can be faun.-. from the  
formula: 

Figure 2.5. T r a c t i o n  c o e f f i -  
c i e n t  p v e r s u s  r e l a t i v e  wheel speed is  always less than  t h e  free 
skidding 6sk for various 

'3 l a t i o n a l  v e l o c i t i e s  VI, IT2. 
d u r i n g  b rak ing  (V1 < V2 < V3). 

where no, wo are t h e  rpm and a n g u l a r  v e l o c i t y  o f  the  free wheel 

( r o l l i n g  wi'.hout b rak ing ) ;  and n,  w are t h e  braked wheel rpm and 

angu la r  v e l o c i t y .  

Curves o f  p(6,,) f o r  v a r i o u s  t r a n s l a t i o n a l  v e l o c i t i e s  and 

cons t an t  t i r e  p r e s s u r e  po = 6 kgf,/cm2 are shown i n  F igure  2.5. 

no te  t h a t ,  a l though tt1e va lues  of the  c o e f f i c i e n t s  Plsk are d i f f e r e n t  

f o r  each t i r e  type ,  the  n a t u r e  o f  the p(Ss,) curves  i s  t h e  same f o r  

a l l  tires. We see from these curves  t;ldt, w i t h  i n c r e a s e  o f  t h e  
a i r p l a n e  t r a n s l a t i o n a l  speed, t h e  c o e f f i c i e n t  p maximum s h i f t s  i n  
t h e  d i r e c t i o n  of smaller 6sk va lues .  
t h e  range 1 0  - 20%. 

We 

- /27 

The peak lies e s s e n t i a l l y  i n  

Therefore ,  I n  de te rmining  the  t r a c t i o n  f o r c e  moment, we can 
take,  f o r  a d r y  conc re t e  runway, v = 0.6 f 0.7 f o r  V = 0 and 1.1 = 
1 / 2  (psk + psi) f o r  V = 0. 
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I n  t h e  la t ter  express ion ,  itsk and vSl are taken  from curves 

analogous t o  those  shown i n  F igures  2.2 and 2.3, b u t  r e l a t i n g  t o  t h e  
s p e c i f i c  aircraft  t i r e  types. For pre l iminary  c a l c u l a t i o n s ,  w e  
can take 1.1 = 0.35 f o r  V # 0. Depending on the  r e l a t i o n s h i p  between 
the magnitudes of the  moments Mtr and %, t h e  fol lowing three braked 

wheel motion cases  are p o s s i b l e .  

1. Mtr > %. I n  t h i s  case ,  w e  have r o l l i n g  of t h e  wheel 

wi th  sk idd ing  and a d e f i n i t e  arlgular d e c e l e r a t i o n ,  whose magnitude 
is  determined by the r a t i o  of t he  a i r p l a n e  l i n e a r  d e c e l e r a t i o n  (a,) 
t o  the t i r e  dynamic r o l l i n g  r a d i u s  (rd), i .e. ,  dw/d.r = bd/rd* If 

dw/dr = cons t ,  the  wheel angular  v e l o c i t y  and rpm decrease  l i n e a r l y .  

2. Mtr = %. I n  t h i s  case, w e  aga in  have r o l l i n g  of  the 

wheel a long  with d e f i n i t e  skidding.  However, i n  t h i s  regime, 
r educ t ion  f o r  some e x t e r n a l  reason  of  the  t r a c t i o n  f o r c e  moment Mtr 

o r  i n c r e a s e  o f  the  braking  moment I$,, leads t o  marked change o f  the 

wheel motion na tu re .  Therefore ,  t h i s  regime can be considered an 
uns t ab le  motion regime. 

3. Mtr  I$,. I n  t h i s  ca se ,  the  wheel locks  up (does not  

r o l l )  and sk ids .  When t h e  wheel locks  up, i ts equat ion  of motion 
takes the  form 

The express ion  dtddr  i s  t h e  magnitude of  t h e  wheel angular  
d e c e l e r a t i o n .  

We see  from these wheel motion cases  t h a t ,  i n  o r d e r  t o  ob ta in  - /28 
minimal airplane l and ing  r * o l l o ~ t  brak ing  d i s t a n c e ,  it is Recessary 
t ha t  
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can be considered the braking  system e f f e c t i v e n e s s  c o e f f i c i e n t ,  which, 
i n  the ideal case, is e q u a l  t o  one. 

3. Forces Acting on Wheel During Airplane Motion 

We see from Figure  2.6 t h a t ,  du r ing  motion over  t h e  runway, 
the a i r p l a n e  i s  s u b j e c t  t o  t he  l i f t  f o r c e  Y, drag f o r c e  Q, engine 
t h r u s t  T, a i r p l a n e  weight Ga, runway r e a c t i o n  f o r c e s  on the main 

and nose Nnw wheels, f r i c t i o n  forces on the  main Fmw and nose 

wheels. 
Nmw 

‘nw 

It is  obvious that 

= I’nwNnw, mw mw’ nw F m = v  M F 

where pmw and vnw are the  t r a c t i o n  c o e f f i c i e n t s ,  r e s p e c t i v e l y ,  o f  

the  main and nose wheels wi th  the  runway. The v a r i a t i o n  o f  t he  l i f t  
fo rce  Y and radial load Pr on t h e  wheel dur ing  l and ing  r o l l o u t  i s  
shown i n  Figure 2.7.  

The a i r p l a n e  motion a long  t h e  runway can be descr ibed  by the  
sys tem o f  equat ions:  

Y + (Nm -I- Nnw) - G, = 0; 

(Nnwa - N,b) - (Fnw = Fnw)h = 0. 
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Figure 2.6. Forces acti . ig on Figure 2.7. L i f t  f o r c e  Y 
wheels of t r i c y c l e  gear vsith 
braked nose wheel du r ing  a i r p l a n e  
landing  r o i l o u t  braking.  

radial load  (Pr  = G, - Y) 
wheels as a func t ion  of  landing  
r o l l o u t  d i s t a n c e  L and braking  

and 
011 

t i m e  r .  

Replacing t h e  f r i c t i o n  f o r c e s  by t h e  ground r e a c t i o n  f o r c e s  on 
the  wheels and s o l v i n g  the second and t h i r d  equat ions  of t h i s  system 
f o r  these fo rces ,  w e  ob ta in :  

- 
'mw - 

Then we t ransform 
the known r e l a t i o n  

(2.5) 

t he  express ion  Qa - Y = G a ( l  - C Y / G a l ) ,  u s ing  

ti - - 1  2 C 2 .k 
Y ldg 'ldg a - c  2 y ldgPSVldg 

t o  t h e  form 

Denoting t h e  f r a c t i o n  of t h e  a i r p l a n e  weight on t h e  main wheels by 

a - vnWh 
x =  

a + b + (umW - p n W h  
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we can f i n a l l y  write ( 2 . 5 )  i n  the  form 

Nmw = x G a  

" ldg 

If the  wheel t r a c t i o n  c o e f f i c i e n t s  pmw and vnw are cons tan t  through- 

out  the  l a n d i n g  r o l l o u t ,  the  f r i c t i o n  f o r c e s  

. I  ' v z  - ( I  -- --); 
Fmw - 'mwKGa k ,,2 " ldg- 

E 

F nw = p n w ( l  - K ) G ~  ( I  -- 

F i n a l l y ,  the  o v e r a l l  wheel b rak ing  f o r c e  

(2.7) 

1 v2 
PavGa( l  - E 9 

'ldg 
where vav i s  t h e  average L o e f f i c i e n t  o f  main and nose wheel f r i c t i o n  

du r ing  braking ,  vav = KP, + (1 - ~ ) p ~ ~ .  

wi thout  brak ing ,  the o v e r a l l  wheel f r i c t i o n  f o r c e  is  

During a i r p l a n e  ro l lou t ;  

"ldg , 

where po i s  the c o e f f i c i e n t  of  wheel r o l l i n g  f r i c t i o n .  

If ,  i n  (2 .5)  and ( 2 . 6 ) ,  we take V = 0,  pmw = pnw = 0 ,  t he  

r e a c t i o n s  ( l o a d s )  on t h e  wheels w i t h  t he  a i r p l a n e  pa rked  are: 



( 2 . 8 )  b G and Nnw = a+b Ga. a N * -  mw a + b  a 

I n  o rde r  t o  hold the a i r p l a n e  parked wi th  the engines  running 
wi th  the aid of  t he  brakes, i t  is  necessary t ha t  Fmw + Fnw = T. 

Then, obviously,  the loads  on t h e  wheels are 

T.  (2.9) 
b h 

a + b  Ga 'a- 
-- a '' and Nnw = - s -  

Nmw a + b  o, a + b .  

The a i r p l a n e  k i n e t i c  energy which i s  transformed by the b-akes 
I n t o  heat du r ing  r o l l o u t  can be c a l c u l a t e d  f o r  t h e  t r i c y c l e  gear 
with unbraked nose wheel under the  fcrllowing assumptions: 

- cons tan t  magnitude of  the  wheel-to-runway t r a c t l o n  c o e f f i c i e n t  
throughout the r o l l o u t ;  

- absence of  wheel lockup ( s k i d J i n g ) .  

The f r i c t i o n  f o r c e s  i n  ( 2 . 4 )  can be expressed a s :  

Fmw = p m w ~ ( B a  - Y) and Fnw = vo(l - K ) ( G ,  - Y), 
where vmw is t h e  o v e r a l l  c o e f f i c i e n t  of  main wheel t r a c t i o n  w i t h  the  

runway su r face  du r ing  r o l l o u t  with braking  (vmw = vb + vo); and 

"nw = uo i s  t h e  nose wheel r o l l i n g  f r i c t i o n  c o e f f i c i e n t .  

We use these express ions  t o  t ransform ( 2 . 4 )  t o  t h e  form: 

a t d V + " m w " ( G a - Y ) + p o ( l - - x )  (Ga - Y ) + Q - T = O  
dr 

and a f te r  d i v i d i n g  by G a ,  o b t a i n  

(2.10) 
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Using the  formulas known from aerodynamics, we f i n d  

0 -= 
Ga 

V2 
2 

cxas - 

V2 
Idg 

C y ldgPS 2 
cy l d g  

Y 
C 

8 - - -- 

where 6 = c,/cy i s  t h e  r e c i p r o c a l  a i r p l a n e  L/D d u r i n g  r o l l o u t ;  k is 

t h e  e f f e c t i v e  a i r p l a n e  L/D du r ing  r o l l o u t  (k  = [cy ldg /c I ) .  

S u b s t i t u t i n g  t h e s e  expres s ions  i n t o  (2.10) and making 3ome 
t r m s f o r m a t i o n s ,  we o b t a i n :  

(2 .11)  . + PmwK + ~ ( l - % ) - ~ = o o ,  - 
\ 

where q~ = T/Ga. 

In t roduc ing  t h e  n o t a t i o n s  c = [ E  - pmw K - P0(1 - K)]/k and 

K + p o ( l  - IC) - cp, w e  reduce (2 .11)  t o  t h e  form a = "mw 

1 dV VI - -+c -+a== .  2 ' dr 'ldg 

wz o b t a i n  2 i n t roduc ing  t h e  new v a r i a b l e  2 = V /Vldg, 

( 2 . 1 2 )  

where dL i s  the  d i f f e r e n t i a l  b rak ing  d i s t a n c e  (dL = Vd?). 
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4. Determinat ion o f  t h e  K i n e t i c  Energy  Transformed by t h e  Brakes 
i n t o  Heat du r ing  Ajrolane Brakinq 

/3L 

Witn t h e  a i d  of  (2 .121 ,  we can detzrmine not  o n l y  t h e  r o l l o u t  
d i s t a n c e  L and t h e  brak ing  time 'I, but  a lso t h a t  p a r t  of t h e  a i r p l a n e  
k i n e t i c  energy which i s  t ransformed i n t o  thermal  energy by t h e  brakes  
and whet %Is . 

The work performed by a s i n g l e  braked main wheel i s  

K(G, - Y)dL 1 Ab = lFmwdL f - b w  L n L 

where n i s  t h e  ncmber of a i r p l a n e  l and ing  gear braked w i n  wheels. 

Consider ing ( 2 . 7 )  and (2.121, 

V2 
KS r n "mw a g 

- 1 Ab - 0- 

we t r ans fo rm (2.13) t!, t h e  Form 

(2 .14 ;  1 2  z d : ,  
k (1 - - z ) - 7 - .  

sz '+a 

I n t e g r a t i n g  (2 .14) ,  we o b t a i n  
m 

For z = 1 and Abz = 0 ,  t h e  conskant o f  integratio:, 

2 
B =  "mwKGaVldg [ 2,( 1 ,+c;)l"(c+a).--!-]. 

ng ck 

S u b s t i t u t i n g  t h i s  va lue  of  B i n t o  (2 .15 ) ,  we have 

(2.16) 

o r ,  i n  d imens ionless  form: 
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- Abz = %z - 2 
Ga"ldg'2g" 

+ a + 1. (22 - l)]. %VIK a - C ( l  + -1 I n  
C ck k cz2 + a 

From (2.17) f o r  z = 0, w e  f i n d  t h e  f r a c t i o n  af  the a i r p l a n e  - 133  
k i n e t i c  energy which is transformed by the brake and wheel i n t 3  heat 
dur ing  r o l l o u t ,  i. e., 

abO = - %WK [(l+;)irl(l-,--;) 4. 
C 

It is better t o  p l o t  t h e  r e l a t i o n  = f ( z )  as a func t ion  of 
the d i f f e r e n c e  of t h e  va lues  

- 
Then t h e  o r d i n a t e  of t h e  curve w i l l  show the  f r a c t i o n  o f  

the energy which w i l l  be transformed i n t o  thermal  energy by the  
brake and wheel by the t i m e  t he  a i r p l a n e  comes t o  a complete s t o p  

(Figure 2.8) .  The t o t a l  energy 
which w i l l  b e  absorbed by t he  
b rake  and wheel  beginning from 
any v e l o c i t y  a t  the  i n s t a n t  of  
brak ing  i n i t i a t i o n  I s  c a l c u l a t t z  
from the formula: 

. 2=0 2=1 z 
G V2 Figure 2.8. P lo t  of  t h e  func t inn  - a ldg - 

= f ( Z )  7i, - 2gn abz-  

If c = 0, 

- ebz = - )ImWK z2(2k  - Z 2 1, 
2ka 

and f o r  z = 1, 

(2k  - 1). %WK 
%z = -- 2ka 



The r o l l o u t  d i s t a n c e  found from (2.12) is  
*2 

For z = 1 and L = 0, 
2 

2gc 
B,- 'ld g I I l ( C + U )  

(2.18) 

and 

<d c + a  L =  Q 111-------. 
2gc t . 3  + a 

For c = 0,  

For  z = 0,  

I n  p r a c t i c e ,  t h e  a i r p l a n e  p i l o t i n g  p rocess  du r ing  landing  
provides  f o r  twc c h a r a c t e r i s t i c  stages. 

The f i r s t  s tage  (immediately a f t e r  a i r p l a n e  touchdown) i s  
motion on the  two main wheels w i t h  the nose wheel o f f  t h e  runway 
and t h e  brakes not  i n  use.  I n  t h i s  s t a g e ,  on ly  part o f  the  a i r p l a n e  
kinet": energy i s  t razsformed i n t o  work o f  t h e  f o r c e  o f  r e s i s t a n c e  
t o  i t s  motion. 

The second s tage  (from t h e  moment t h e  nose wheel i s  lowered 
and c o n t a c t s  the  runway s u r f a c e )  i s  motion on a l l  t he  wheels w i t h  
immediate use o f  t h e  brakes .  
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Figure 2.9. 
and braking  i n i t i a t i o n  speed Vbi. 
a- Tu-104; b- Tu-124. 

Braking d i s t a n c e  Lbd ve r sus  t r a c t i o n  c o e f f i c i e n t  1 . 1 ~ ~  

Considering these stages, we ob ta in :  

al , a. f o r  t h e  first stage ( s u b s c r i p t  11,  w e  have c = cl,  a = 

and z = z which corresponds t o  t he  v e l o c i t y  at t h e  i n i t i a t i o n  of 

t he  braked r o l l o u t .  Then, from (2.191, 
1' 

b. 

a = a2. 

f o r  t he  second s t a g e  ( s u b s c r i p t  2 ) ,  w e  have c = c2  and 

Taking i n  (2.18) z = z1 and L = 0 ,  w e  o b t a i n  

..2 

Hence, (2.19) w i l l  have the form 

S e t t i n g  z = 0 ,  we ob ta in  
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The o v e r a l l  a i r p l a n e  r o l l o u t  d i s t a n c e  L = L1 f L2. 

If a l l  the  wheels are equipped wi th  brakes, the  braking  d i s t m c e  
c a l c u l a t i o n  is  made s i m i l a r l y  t o  t h e  above procedure.  

Airplane f l ight tests have confirmed agreement of t h e  measured 
braked r o l l o u t  d i s t a n c e s  wi th  t h e  c a l c u l a t e d  va lues .  

Figure 2.9 shows b rak ing  d i s t a n c e  as a f u n c t i o n  of r r a c t i o n  
c o e f f i c i e n t  vav and braking  i n i t i a t i o n  speed f o r  t h e  Sov ie t  Tu-104 

and Tu-124 passenger  a i r p l a n e s .  
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CHAPTER 3 

FUNDAMENTALS OF WHEEL AND BRAKE STRENGTH A N A L Y S I S  

The fol lowing f o r c e s  a c t  on t h e  wheel dur ing  a i r p l a n e  motion /36 
(Figure 3.1): t h e  v e r t i c a l  a i r p l a n e  weight f o r c e  P t h e  t a n g e n t i a l  

fo rce  Px from t i r e  t r a c t i o n  wi th  the runway s u r f a c e ,  and t h e  side 

f o r c e  Pz, which a r i s e s  as t h e  a i r p l a n e  t r a v e l s  a long  a c u r v i l i n e a r  

t r a j e c t o r y ,  dur ing  l and ing  w i t h  d r i f t ,  o r  when t a x i i n g  i n  a c r o s s  
wind. I n  a d d i t i o n ,  the  wheel f l ange  and r i m  are loaded by f o r c e s  
from the a i r  p res su re  ir t h e  t i r e .  With account f o r  t he  well-known 
fo rce  independence p r i n c i p l e ,  w e  sha l l  examine the s t r e s s - s t r a i n  
s t a t e  of  a drum s u b j e c t  t o  a i r  p re s su re  i n  t h e  t i r e  (Figure 3.2) .  

Y’ 

1. Analysis  o f  Wheel Subjec t  t o  T i r e  A i r  Pressure 

The t i r e  a i r  p res su re  e x e r t s  very high loads  on t h e  drum f l anges ,  
t r a n s m i t t i n g  t o  t h e  f l anges  t h e  a x i a l  f o r c e s  Q1 and 0,. 

The o v e r a l l  axial  loads Q1 and Q2 a c t i n g  on the  f l anges  f o r  - 137 
c i r c u l a r  c r o s s  s e c t i o n  t i res  can,  w i t h  adequate degree of accuracy,  
be determined from the  formulas:  

< J  
Qz .= pori[ ( R  - -  r )Z - 
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Figure 3.1. Forces  a c t i n g  on 
wheel as a i r p l a n e  moves. 

F igu re  3.2. Forces  a c t i n g  on 
wheel drum f l ange .  

where p 

dimensions,  and Rw is t h e  wheel f l a n g e  s e a t i n g  diameter. 

is the a i r  p r e s s u r e  i n  the  t i r e ;  R: r, and Rt are t h e  t i r e  0 

Tke Expressions (3.1)  were ob ta ined  from examination of t h e  

stress s ta te  of the t i re  as it i n t e r a c t s  wi th  t h e  drum elements .  

The drum a n a l y s i s  diagram shown i n  F igure  3 . 3  reduces  t o  
examination o f  t h e  working c o n d i t i o n s  o f  a t h i n  w a l l  c y l i n d r i c a l  
s h e l l  ( r i m )  t o g e t h e r  w i t h  t h e  e l a s t i c  annu la r  f l a n g e .  

The fo l lowing  i n t e r n a l  l oads ,  uniformly d i s t r i b u t e d  around 8 

c i r c l e  of  r a d i u s  R,,, ac t  i n  t he  s e c t i o n  where t h e  f l a n g e  and r i m  

j o i n :  F, is  the  normal f o r c e ,  Q, i s  the  t r a n s v e r s e  f o r c e ,  and Mo 
i s  t h e  bending moment. 

From t h e  e q u i l i b r i u m  c o n d i t i o n  fo l lows  

F 0 . e .  

The moment Mo and f o r c e  Q, are found from t h e  f l a n g e  and r i m  

deformation c o T p a t i b i l i t y  c o n d i t i o n ,  i . e . ,  e q u a l i t y  o f  t h e  s e c t i o n  
d isp lacements  W and r o t a t i o n  a n g l e s  Q, 
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Figure  3 . 3 .  Wheel drum 
a n a l y s i s  diagram. 

and W are 'tr' P r  where When, 
t h e  r i m  radial deformations from 
the  monient Mo, f o r c e  Q,, and 

p r e s s u r e  po, r e s p e c t i v e l y ;  cpbenr, 

are t h e  r i m  P r  F 
angu la r  deformations from the  
moment Mo, f o r c e  Q,, and pres-  

s u r e  p r e s p e c t i v e l y ;  wfl  i s  

t h e  o v e r a l l  f l a n g e  r o t a t i o n  
angle .  

Q,trr, and Q, 

0' 

To determine t h e  r i m  deformations,  w e  use  the known t h i n  wall 
c y l i n d r i c a l  s h e l l  equa t ion  

where 

L EU 
; D =  3(1 -vZ) 

12(1-+) ' 

x i s  t h e  s e c t i o n  coord ina te  ( x  a x i s  i s  directed a long  t h e  wheel 
a x i s ) ;  W i s  t h e  radial displacement;  Rav is t h e  average  r i m  _radius; 

h i s  t h e  r i m  wall t h i c k n e s s ;  and E and u are, r e s p e c t i v e l y ,  t he  
e l a . ; t i c  modulus and Poisson r a t i o  o f  t h e  drum material. 

The gene ra l  s o l u t i o n  of  ( 3 . 3 )  can be w r i t t e n  as: 

W = e -  ( G sin RX + C, cos &) + W, ( 3 . 4 )  

where Wo i s  the  p a r t i c u l a r  s o l u t i o n  o f  ( 3 . 3 ) ;  and C1 and C2 are 

a r b i t r a r y  cons t an t s .  
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The p a r t i c u l a r  s d u t i o n  of ( 3 . 4 )  w i l l  be 

Locat ing the coord ina te  o r i g i n  a t  t he  j u n c t i o n  of t h e  f l a n g e  
and r i m  and a l s o  cons ide r ing  the  known express ions  f o r  t h e  bending 
moment and shea r ing  fo rce ,  w e  o b t a i n  the fo l lowing  boundary 
condi t  i o n s  : 

We d i f f e r e n t i a t e  ( 3 . 4 )  three times w i t h  respect t o  x 

Subst 

(3.6) 

(3.7) 

t u t i n g  these d e r i v a t i v e s  i n t o  ( 3 . 6 )  and ( .7j, w e  fAnd 
the cons t an t s  of i n t e g r a t i o n  and then  the  express ion  for t h e  r i m  
s e c t i o n  r a d i a l  displacement 

Taking x = 0 i n  ( 3 . 9 1 ,  we ob ta in  the  r i m  edge radial  d isp lace-  
ments:  

Considering t h a t  t h e  s e c t i o n  r o t a t  ion  angle  
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w e  o b t a i n  f o r  x = 0 ,  t he  express ion  for  t h e  ria deformation: 

AQO- 
Qben r BD* 

6 -* = 0. 
QO = -- 

@tr r W D *  Qpr  r (3.11) 

On t h e  basis of  wheel o p e r a t i n g  cond i t ions ,  the  flanges must 
be s u f f i c i e n t l y  r ig id  t o  exclude the  p o s s i b i l i t y  of t h e  t i re  coming 
off t h e  drum. Flange s t i f f n e s s  is achieved by g i v i n g  t h e  f l a n g e  a 
contoured c r o s s  s e c t i o n  shape and also by t h e  use of  s t r u c t u r a l  
s t i f f e n e r s  ( r i b s ,  beads, e t c . ) .  

To determine t h e  f l a n g e  r o t a t i o n  angle, w e  use t h e  theo ry  of  
axisgrlmmetric r i n g  deformation, based on the  assumption o f  cross 
s e c t i o n  shape i n v a r i a b i l i t y .  

The wheel f l ange  is loaded by t h e  t r a n s v e r s e  f o r c e  Q,, normal 

force Po, moment Mo, and pressure q (Figure 3.3).  

The p res su re  is d i s t r i b u t e d  a long  t h e  annular  f l a n g e  s u r f a c e ,  
bounded by t h e  rad i i  Ra and F$,, and can be found from t h e  formula 

L e t  us examine f l a n g e  deformation under t h e  a c t i m  of t h e  
appl ied loads .  We a l i g n  t h e  x a x i s  w i th  t h e  wheel a x l e  and e i r e c t  
the  po a x i s  a long  t h e  f l ange  n e u t r a l  l i n e .  

- /40 

During r o t a t i o n  of the s e c t i o n  through t h e  small angle + , a n  
arbitrary po in t  B w i t h  t h e  coord ina te s  p and x, acqu i re s  a radial  
displacement def ined  by the e q u a l i t y  

Ad=;* 

The r e l a t i v e  e longat ion  of t h e  a n n u l a r  f i b e r  B I s  then  
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Hence, the  corresponding t angen t  l a 1  stress 

(3.131 

The i n t e r n a l  f o r c e  f a c t o r s  a t  any f l a n g e  c r o s s  s e c t i o n  reduce 
t o  t h e  normal f o r c e  N and bending moment M. 

They are a s s o c i a t e d  w i t h  t h e  t a n g e n t i a l  stress at by t h e  
s imple r e l a t i o n s  

M = J o r x d F  and N = J a t d f .  
P P 

S u b s t i t u t i n g  (3.13) i n t o  (3.141, w e  o b t a i n  
M 

Ejsz cp= 

P. 9. 

For our  case  

(3.141 

s a 
- I M 0  Rav sin ada -- SQd Rav sin a da] . 

0 0 

where I i s  t h e  d i s t a n c e  between t h e  f l a n g e  n e u t r a l  a x i s  and the  
p o i n t  of  a p p l i c a t i o n  o f  t h e  f o r c e  Q,. 

After i n t e g r a t i n g ,  w e  o b t a i n  

(3.15) 

3 2 
M = ‘(R3 3 a  - R b )  - FORav - MORav - ZQoRav. 

S u b s t i t u t i n g  the  va lues  of  q and Fo i n t o  (3.161, we have 

(3.16)  
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Then we f i n d  the  normal f o r c e  N from (3.14) 

s i n  u da = -RavQo. 1 "  

2 o  
N=-- SQO hav (3.18) 

S u b s t i t u t i n g  the f l a n g e  and r i m  deformations found above i n t o  
(3 .2 ) ,  w e  o b t i i n  

- ( Q o  - RMo) - - = O; 4k4D " I  1 
2PD 

With account f o r  (3.20) and (3.211, t h e  maximal mer id iona l  
stresses a t  any r i m  c r o s s  s e c t i o n  are found from the  formula 

2. Determination of Stresses i n  a Ro l l ing  Wheel 

The load on the  wheel f l ange  from the  i n t e r n a l  t i r e  p r e s s u r e  - /42 
can be cons idered  a s t a t i c  l oad ,  s i t ice  the  a i r  p r e s s u r e  i n  t h e  t i r e  
changes very l i t t l e  as t h e  t i r e  d e f l e c t s .  However, as the  wheel 
r o l l s  under lcad ,  c y c l i c  stresses whose magnitudes change wi th  wheel 
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r o t a t i o n  ar ise  i n  t h e  s e c t i o n s  
a t  i t s  s u r f a c e .  Experimental  
data cn t h e  mer id iona l  stresses 
measured du r ing  wheel r o l l i n g  
w i t h  cons t an t  t i r e  p r e s s u r e  
and v a r i a b l e  e x t e r n a l  l oad ,  and 
a l s o  f o r  the case  when t h e  t i r e  
radial  deformation remains 
c o n s t a n t ,  show t h a t  t h e  n a t u r e  
of t h e  stress v a r i a t i o n  i s  Figure 3.4. Typ ica l  mer id iona l  

stress v a r i a t i o n  cu rves  f o r  approximately the  same f o r  a l l  
r o l l i n g  o f  a 660 x 200 mm wheel 
w i th  d i f f e r e n t  t i r e  d e f l e c t i o n s .  

mer id iona l  stress v a r i a t i o n  curves  f o r  d i f f e r e n t  t i r e  d e f l e c t i o n s  
f o r  a 660 x 200 mm wheel. 

drums o f  convent iona l  construc-  
t ior l .  F igu re  3.4 shows t y p i c a l  

The cons t an t  stresses ua from i n t e r n a l  p r e s s u r e  f o r  t he  

unde f l ec t ed  tire are shown by the  s t r a igh t  l i n e  pa ra l l e l  t o  t h e  
abscissa a x i s ,  while  the curves  of  mer id iona l  stress v a r i a t i o n  f o r  
t h e  wheel r o l l i n g  under load  have three peaks w i t h  t h e  stress maximum 
l o c a t e d  a t  the midpoint, o f  the  area o f  wheel c o n t a c t  w i t h  t he  
suppor t ing  s u r f a c e .  Ane mer id iona l  stress curve a?.so has  two minima, 
l o c a t e d  symmetr ical ly  r e l a t i v e  t o  t h e  l i n e  o f  v e r t i c a l  f o r c e  a c t i o n .  
The stress v a r i a t i o n  c y c l e  i n  t he  r o l l i n g  wheel i s  c h a r a c t e r i z e d  by 
the  maximal and m i n i m a l  stresses. 

To determine these stresses, we in t roduce  t h e  fo l lowing  r a t i o  

U ks = - u ’  
P 

(3.23) 

where ks i s  the  f l a n g e  secondary load  c o e f f i c i e n t ,  account ing  f o r  

t he  stress I n c r e a s e  w i t h  d e f l e c t i o n  o f  t h e  t i r e  by t h e  rad ia l  load  
i n  comparison w i t h  t h e  s t r e s s  f o r  t h e  unde f l ec t ed  t i r e ;  u is t h e  
meridior.al  stress i n  t h e  given s e c t i o n  from t h e  t i r e  a i r  pressure,  
determined from (3 .22 ) ;  and u is t h e  maximal stress a t  the  g iven  

s e c t i o n  due t o  a d d i t i o n a l  f l ange  sp read ing  as the  t i r e  d e f l e c t s .  
P 
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The o v e r a l l  maximal stress 
a t  any flar.ge s e c t i o n  w i l l  be 

It has been e s t a b l i s h e d  
exper imenta l ly  that the coef f i -  
c i e n t  k, i s  independent of tlrc 

p r e s s u r e  and w i l l  be  c o n s t a n t ,  F igure  3.5. Experimental  
v a r i a t i o n  o f  f l ange  secondary regardless o f  t h e  p a r t i c u l a r  
l oad  c o e f f i c i e n t  k, ver sus  t i r e  combination of  l o a d i n a  and t i r e  - 
diameter D f o r  va r ious  d e f l e c t i o n  
r a t i o s  E .  pressure for which the given 

d e f l e c t i o n  i s  obta ined .  F igu re  
3.5 shows t h e  exper imenta l  dependence o f  t h e  c o e f f i c i e n t  k, on t i r e  

diameter f o r  va r ious  degrees of t i r e  d e f l e c t i o n .  By degree of t i r e  
d e f l e c t i o n ,  we mean t h e  q u a n t i t y :  

'def 

def 
5 = * j  

where 6def i s  the  t i r e  deformation ( d e f l e c t i o n )  f o r  t h e  given load  

and i s  the  maximal p o s s i b l e  t i r e  deformation.  

,lie f l ange  secondary load ing  c o e f f i c i e n t  k, can be e i t h e r  more 

I f  ks < 1, t h i s  means t ha t  t h e  maximal stress i n  o r  l ess  than  one. 

t h e  f l ange  c r o s s  s e c t i o n  from t h e  v e r t i c a l  load  excceds t h e  stress 
from t h e  t i r e  p r e s s u r e .  

In f luence  of  Wheel Flange and R i m  Geometric Parameters on 
Magnitude of  t he  Edge Forces  and Stresses 

L e t  ~3 f i n d  how t h e  va r ious  w h e e l  geometr ic  f a c t o r s  a f f e c t  
t h e  cond i t ions  of  occurrence and na tu re  of m a n i f e s t a t i o n  of  t he  
edge e f f e c t  a t  t h e  wheel f lange and r i m  j u n c t i o n ,  i . e . ,  on t h e  
q u a n t i t i e s  Mo and Q0. 
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From examination of  (3 .20)  - /49 
and (3.211, we can draw t h e  
fo l lowing  conclus ions :  t h e  
moment M:, and f o r c e  61, and, a long  

w i t h  them, the  stresses i n  t h e  

wheel f l a n g e s  and r i m  deFend 
l i n e z r l y  or! t h e  t i r e  a i r  p r e s s u r e .  

F jgurc  3 . 6 .  R e l a t i v e  edge 
moment Mo/q ve r sus  f l a n g e  height 
H f o r  d i f f e r e n t  s i z e  wheels (D 
i s  t h e  t i r e  diameter, B is t h e  
t i r e  wid th )  

The moment Mo and f o r c e  Qo 

have a comrlex f u n c t i o n a l  depen- 
dence on the  f l a n g e  he igh t  and 
i t s  moment of  i n e r t i a  I, t h e  
P-verage r i m  r a d i u s ,  and t h e  r i m  
wall th i2kness .  

For any  va lves  of t h e  parameters ,  t h e  edge f o r c e  and edge 
moment can take only  p o s i t i v e  va lues .  

I n  t h e  fo l lowing ,  when ana lyz ing  (3.20) and (3.211,  we s h a l l  
take only  one of the  v a r i a b l e s  as an argument pnd a s s i g n  i t  defirAte 
numerical  va lues .  We shall  s p e c i f y  i t s  range of v a r i a t i o n  YO t h a t  
It w i l l  l i e  i n  narrow l i m i t s  wnich are of  p r a c t i c a l  importance f o r  
wheel des ign .  

F i r s t  o f  a l i ,  t h e  r e l a t i v e  edge bending moment VJ/q  f o r  wheels 

of d i f f e r e n t  dimensions,  o t h e r  parameters remaining t h e  same, 

i n c r e a s e s  wi th  i n c r e a s e  of t h e  f l a n g e  h e i g h t  H (F l eu re  3 .6 ) .  

Figure 3.7 shows t h e  r e l a t i v e  edge moment Mo/q and edge fc\r.ce 

Qo/q versus  r i m  wall t h i c k n e s s  h f o r  d i f f e r e n t  s i z e  wheels. 

see from Figure  3 . 7  t h a t  there  I s  scme 1ncres;e f t he  edge moment 
Mo/q w i t h  inc reased  r i m  w a l l  t h rckness  near t!le j u n c t l o n  w i t h  t h e  

f l a n g e ,  and t h i s  i n c r e a s e  I s  most s i g n i f i c a n t  - small  and medium 

s e c t i o n s  w i l l  not  be p r o p o r t i o n a l  t o  t h e  square  qf thg wall t h i c k n e s s  
change. For example,  c a l c u l e t i o n s  show t h a t  Inc rease  of  t h e  r i m  wall 

We 

s i z e  w h e e l s .  Therefore ,  t h e  mer id iona l  streso ~ , - a . ~ c t i c n  a t  these  - 1 4 5  
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Figure 3 .7 .  Rela t ive  edge f o r c e  F igu re  3.8. R e l a t i v e  edge moment 
Qo/q and moment M,/q - e r s u s  r i m  MO/q ver sus  flange moment o f  
wall t h i c k n e s s  h for  d i f f e r e n t  i n e r t i a  I f o r  different s i z e  
s i z e  wheels.  wheels. 

Chickness from one t o  three cen t ime te r s  i n  a 1500 x 500 m wheel 
i n c r e a s e s  t h e  moment Mo by 1.38 times and reduces  t h e  stress i n  

the  wall by 6.5 times, while  f o r  the  570 x 160 mm wheel, t h e  f a c t o r s  
are 2.2 and 4 ,  r e s p e c t i v e l y .  

Thus, i n c r e a s e  of t h e  r i m  w a l l  t h i c k n e s s  as a technique  f o r  
r e d u c l r g  the r i m  stresses is  most e f f e c t i v e  f o r  large wheels. 

F igures  3 . 7  and 3 . 8  show t h e  relatiTve edge f o r e  and edge 
moment as fuf ic t ions of  r i m  wall t h i c k n e s s  and wheel f l a n g e  moment 
of i n e r t i a .  Reduction o f  t h e  edge f o r c e  is observed up t c  a d e f i n i t e  
wall t h i ckness ,  equal  t o  approximately 2 cm, and then  t h e  f o r c e  
inc reases .  I n  many c a s e s ,  r i m  wall t h i c k n e s s  i n c r e a s e  is no t  
p o s s i b l e  f o r  c o n s t r u c t i o n a l  reasons .  I n  t h i s  case, stress r e d u c t i o n  
is achieved by i n c r e a s i n g  the  f l a n g e  rad ia l  momeqt of  i n e r t i a .  

3 .  Wheel Bearing Analysis  

A i r c r a f t  wheels u t i l i z e  c o n i c a l  --oiler bea r ings ,  whose load ing  
cond i t ions  d i f f e r  s i g n i f i c a n t l y  from those  f o r  conventior.al bearir .gs 
used i n  gene ra l  machine c o n s t r u c t i o n .  A i r c r a f t  wheel bea r ings  
experience p a r t i c u l a r l y  large radial and s ide loads  du r ing  a i r p l a n e  
t akeof f  and landing .  I n  a d d i t i m ,  they  ope ra t e  a t  wheel r o t a t i o n a l  
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speeds which vary over a very large range (from zero  t o  maximum 
dur ing  t akeof f  and from maximum t o  ze ro  dur ing  landing) .  

For t he  a n a l y s i s ,  w e  use three bearifig o p e r a t i n g  regimes, 
corresponding t o  a i r p l a n e  t a k e o f f ,  l anding ,  and t a x i i n g .  For t h e  
t a k e o f f  regime, w e  s p e c i f y  the  maximal bea r ing  r p m  nl, o p e r a t i o n a l  

radial load Prl, o p e r a t i o n a l  a x i a l  load  Paxl, and t h e  t akeof f  ground 

run  Ll; f o r  the  l and ing  regime, w e  take, correspondingly,  n2,  Pr2, 

Pax2, a-qd L2; f o r  t h e  t a x i  regime, w e  take n3, Pr3, and L3. 

I n  t h e  a n a l y s i s ,  w e  must a l s o  cons ide r  t h e  al lowable bea r ing  
ope ra t ing  temperature  to C ,  t h e  magnitudes of  the p o s s i b l e  s h o r t  
term radial Pr max and a x i a l  Pax max impact overloads,  wheel r a d i u s  

Rw, and the  number of  bea r ing  o p e r a t i n g  c y c l e s  nb (one cyc le  inc ludes  

t a k e o f f ,  l anding ,  and t a x i ) .  

- /46 

F i r s t ,  us ing  the  work capac i ty  c o e f f i c i e n t  r equ i r ed  by t he  
ope ra t ing  ,ondi t iona,  w e  s e l e c t  from the  c a t a l o g  a s u i t a b l e  bear ing ,  
determine i t s  p o s s i b l e  s e r v i c e  l i f e ,  and the  number of cyc le s  nb 

which the  bea r ing  can withstand i n  accordance w i t h  i t s  load c a p a c i t y  
r a t i n g  . 

The bearrng wcrk capac i ty  c o e f f i c i e n t  i s  c a l c u l a t e d  from :he 
known formula : 

kb - - 'r eqv d r t " b 1  (L 377Rr + L2 + L3)10.3 9 (3.25) 

where kd i s  a dynamic c o e f f i c i e n t  ( u s u a l l y  kd = 1.8 I 2.5 f o r  

a i r c r a f t  wheels) ; kr i s  a c o e f f i c i e n t  account ing f o r  which bea r ing  

r a c e  r o t a t e s  (wi th  i n n e r  r ace  r o t a t i o n ,  kr = 1, w i t h  o u t e r  r ace  

r o t a t i o n ,  kr = 1.35) ;  kt i s  a c o e f f i c i e n t  accounfing f o r  t h e  i n f l u -  

ence of  bea r ing  temperature  regime on s e r v i c e  l i f e .  
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t i n  O C 125 150 175 
1 -05  1.10 1.15 kt 

is  the  equ iva len t  r a d i a l  load  on the  bear ing ,  found from 'r eqv 
the  formula 

200 225 250 
1.25 1.35 1.40 

Here 

is  the ope ra t ing  t i m e  du r ing  t a k e o f f  [T, = (L1 -.10O0)/(2nRrn',)]; 

r2 i s  the  o p e r a t i n g  t i m e  du r ing  l and ing  [r, = (L2 1000)/(2nRrn12)]; 
'1 

'3 3 is t he  o p e r a t i n g  t i m e  du r ing  t a x i  [T = (L3 1000)/(2nRrnV3)]; 

T i s  the complete cyc le  o p e r a t i n g  time (T = T~ + T~ + r 3 ) ;  B 1 ,  B2, - 147 

and 8 are the  r a t i o s  of t h e  average number of bea r ing  r e v o l u t i o n s  

i n  t he  corresponding regime t o  t h e  equ iva len t  number of r e v o l u t i o n s  
p e r  cyc le .  

n v 2 ,  and n '  where nt1, 

ponding regimes ( n v l  - /2; n v 2  = n 

n 

r evo lu t ions  ; Q1, Q,, and Q3 are t h e  reduced axial loads  i n  t h e  

corresponding regimes: 

3 

Thus, 8 1  = nvl/neqv; 8, = nt2/neqv; and B3 = n'3/neqv, 

are t h e  average bea r ing  rpms i n  t h e  co r re s -  3 
/a ;  3 max /2;  and n t 3  = n 2 max - "1 max 

eqv 3 3  = ( n t l t l  + n1, t2  + n '  t )/T i s  t h e  equ iva len t  number of bea r ing  

Qt = R; + di; QB = RB.+ d z :  Qs = RS'+ d h  

( h e r e  
c o e f f i c i e n t  o f  ax ia l  load r educ t ion  t o  an equ iva len t  r a d i a l  load ,  
def ined  as 

where 8 is  t h e  con tac t  angle  between t h e  r o l l e r  and t h e  r e t a i n e r .  



1 pt- nax After s e l e c t i n g  t h e  bea r ing ,  
w e  determine i ts  s e r v i c e  l i f e  h 
i n  hours  from the  r e l a t i o n  ( the 
c o e f f i c i e n t  C i s  t aken  from t h e  
handbook) 

viewA 1 

h j Q - 3  
Qeqvkf lkrk t  (neqv c =  

Figure 3.9. Wheel b e a r i n g  
a n a l y s i s  diagram. 

Then w e  make 

The number nb of  b e a r i n g  o p e r a t i n g  

c y c l e s  i s  found from t h e  formula 

nb = 60h/T. 

a check c a l c u l a t i o n  o f  t he  selected b e a r i n g  i n  
the fo l lowing  sequence: w e  determine t h e  maximal a l lowable  c c n t a c t  
p r e s s u r e  3n the  b e a r i n g  i n n e r  race; t he  a l lowab le  over load  w i t h  

accoun: f o r  s h o r t  term a c t i o n  o f  t h e  max im1  side an6 m x i m a l  radial  
loads ;  the a l lowable  s p e c i f i c  pressure the  i n n e r  race t k r u s t  
c o l l a r  based on a5sence of  l u b r i c a n t  and carbon d e p o s i t  formation.  

The wheel b e a r i n g  ana1) s i s  diagram i s  shown i n  F igu re  3.9. 

The maximal con tac t  s t r e s e  on t h e  b e a r i n g  i n n e r  r a c e  i s  found 
from t h e  formula 

P- -2 1 

r dr RB 
amer = 613 l/t- (- + -). (3.27) 

where P i s  t h e  radial  load  on t h e  most h i g h l y  loaded r o l l e r  P = 

4 * 6  'r max 
2 i s  t h e  number of r o l l e r s ;  B i s  the  c o n t a c t  ang le ;  Z r  i s  the  r o l l e r  

l eng th ;  dr is t he  average r o l l e r  diameter; RB i s  t h e  r o l l i n g  r a d i u s  

a t  t he  average r o l l e r  diameter. 

- /4 8 
/ ( z  cos  B )  (he re  Pr max i s  t h e  maximal radial l o a d ) ;  

To ensure  r e l i a b l e  bea r ing  o p e r a t i o n ,  t h e  maximal con tac t  
2 p r e s s u r e  should not exceed 50,000 kgf/cm . 
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We c a l c u l a t e  t h e  s p e c i f i c  p re s su re  on the  i n n e r  r a c e  t h r u s t  
c o l l a r  s u r f a c e  wi th  t h e  maximal axial  f o r c e  Amax a c t i n g  on t h i s  

c o l l a r .  We first  d e t e m i n e  tirc area of  r o l l e r  con tac t  w i t h  the r a c e  
t h r u s t  c o l l a r :  

where 5 is  the  angle  of r o l l e r  contac t  w i t h  the  i n n e r  r a c e  t h r u s t  
c o l l a r ;  r i s  the minimal dimension o f  r o l l e r  con tac t  w i t h  t h e  

thrL:+ c o l l a r ;  y i s  t h e  angle between the  po in t  of r o l l e r  con tac t  
w i t h  t h e  i n n e r  race and the  t h r u s t  c o l l a r ;  and Rcon min i s  t h e  

minimal r a d i u s  of  r o l l e r  con tac t  w i th  the  t h p u s t  c o l l a r .  

min 

The maximal side f o r c e  Ps a c t i n g  on the  bea r ing  c o l l a r  i s  

where cp i s  t h e  angle  between t h e  r o l l e r  gene ra to r s ;  0 i s  t h e  angle  - /49 
between the  r o l l e r  gene ra to r  and end f ace .  

From the maximal load  Ps and t h e  con tac t  area, w e  f i n d  the  

s p e c i f i c  p re s su re  on the bea r ing  c o l l a r  

Psp = Ps’Scon- 

The al lowable value of p for a bea r ing  should not  exceed 2 SP 
3 - 4 kgf /m 

It i s  necessary tha t  t h e  bear ing  wi ths tand ,  without  f a i lu re ,  
i s  t h e  v a r i a b l e  s h o r t  s h o r t  term over loads  Qdyn/Qst - < 5 ,  where Qdyn 

(here  m is t h e  a x i a l  load reduct ion  
+ mAmax term load ,  equal  t o  Rmax 

c o e f f i c i e n t ) ;  Qst is t h e  al lowable s t a t i c  load ,  determined from t h e  

ca t a log .  

52 



For c o n i c a l  r o l l e r  bea r ings  
of the  u l t r a l i g h t  and l i g h t  duty 
series,m = 1.5, Lor bea r ings  of  
the in t e rmed ia t e  series, m = 1.8. 

4. Calcu la t ion  of  Wheel Brake 
Basic C h a r a c t e r i s t i c s  and 
S t r e n g t h  

Wheel brake a n a l y s i s  involves  
Figure 3.10. Schematic of  d i s c  
wheel brake. 

determining the  braking  moment, 
f r i c t i o n  element a e r v i c e  l i f e ,  brake energy abso rp t ion  capac i ty ,  
and a l s o  c a l c u l a t i o n  o f  t h e  s t r e n g t h  o f  t h e  b a s i c  c o n s t r u c t i o n a l  
element details . ,  

Braking moment calculation. For e f f e c t i v e  wheel braking,  i t  is  
necessary t h a t  

The wheel brake braking  moment depends on s e v e r a l  f a c t o r s .  For 
example, f o r  the  d isc  brake  shown schemat ica l ly  i n  Figure 3.10, t h e  

braking  moment i s  

% = fbSbRbnS 

where f b  i s  t h e  f r i c t i o n  c o e f f i c i e n t  o f  t h e  brake f r i c t i o n  p14r; 

Sb i s  the axial  brake d i s c  compressive fo rce ;  $ i s  the  e f f e c , i v e  

f r i c t i o n  r ad ius ;  and n I s  t h e  number of  f r i c t i o n  s u r f a c e  pairs .  

The magnitude of t h e  e f f e c t i v e  f r i c t i o n  r ad ius  F$ depends on 

t h e  con tac t ing  s u r f a c e  shape and s p e c i f i c  p re s su re  d i s t r l b u t i o n  over  
t h e  f r i c t i o n  a r e a .  F r ~ r  t h e  d i s c  brake shown i n  Figure 3.10 

9 
Ro + Ri % =  2 

where Ro i s  t h e  d i s c  o u t e r  r a d i u s  and Ri is t h e  d i s c  i n n e r  r . J ius .  
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Knowing the r e q u i r e d  braking  
moment and the  number n o f  f r i c -  
t i o n  s u r f a c e  pairs, w e  can f i n d  
the brake d i s c  compressive f o r c e  

Figure 3.11. Brake d i sc  
c o n s t r u c t  ion .  
a- cermet;  b- b i m e t a l l i c .  

Sb from the fcrmula 

Mb Sb = - fbRbn (3.28) 

From the  f o r c e  Sb, w e  c a l c u l a t e  t h e  working p r e s s u r e  i n  t h e  

brake a c t u a t i n g  c y l i n d e r s  

pb = 1 . 3 s  /F 
b P’ 

where 1 . 2  i s  a c o e f f i c i e n t  account ing  f o r  t h e  p r e s s u r e  l o s s e s  i n  
overcomifig t h e  s p r i n g  e l a s t i c  f o r c e  and the  f r i c t i o n  f o r c e ;  Fp i s  

the  t o t a l  area of  a l l  t h e  c y l i n d e r  block p i s t o n s .  

. The brake f r i c t i o n  d i s c s  are the  p r imary  s t r u c t u r a l  element and 
determine,  t o  a cons ide rab le  degree, \vzike performance. Improperly 
s e l e c t e d  f r i c t i o n  material c h a r a c t e r i s t i d s  o r  improperly selected 
d i s c  geometry can cause b rake  v i b r a t i o n ,  f r i c t i o n  p a i r  material 
g a l l i n g ,  o r  l a r g e  braking  moment overshoots .  Brake f r i c t i o n  element 
des ign  reduces  p r i m a r i l y  t o  detemn!.ning t h e  geometr ic  ( t h e o r e t i c a l )  
f r i c t i o n  area, the  mutual ove r l ap  c o e f f i c i e n t ,  and t h e  geometr ic  
f r i c t i o n  area v a r i a t i o n  c o e f f i c i e n t .  The geometric ( t h e c r e t i c a l )  
f r i c t i o n  area of  t h e  f r i c t i o n  d i s c s  is t n e  ideal, w i t h  r e s p e c t  to 
con tac t  c o n d i t i o n s ,  area on which t h e  f r i c t i o n  f o r c e s  are c r e a t e d .  
T h i s  area depends on t h e  d i s c  dimensions and c o n s t r u c t i o n .  

F igure  3.11 shows t h e  s t r u c t u r a l  elements o f  cermet (a) and 
b i m e t a l l i c  ( b )  d i s c s  w i t h  t he  geometric f r i c t i o n  areas F1 and F2. 

The c o n t a c t  area on t h e  b r a k e  d i s c s  does not  cover  t h e  e n t i r e  
d i s c  area, but  rather only  a p a r t ,  r each ing  i n  c e r t a i n  c a s e s  only 
10% of  t h e  geometr ic  area. 

f 
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B 

As a r u l e ,  small d i s c s  
c o n s i s t i n g  o f  i n d i v i d u a l  s e c t o r s  
o r  segments have bet ter  con tac t -  
i n g  c a p a b i l i t y  than  continuo*.:s 
d i s c s .  I n  c a l c u l a t i o n s  o f  t h e  
f r i c t i o n  c h a r a c t e r i s t i c s  o f  a 
brake w i t h  such d i z c s ,  it i s  
necessary  t o  know t h e  d i s c  mutual 

F igure  3.12. I l l u s t r a t i o n  o f  ove r l ap  c o e f f i c i e n t  
brake f r i c t i o n  d i s c  o p e r a t i o n  
s e c t o r s .  knut = FcFb/Fe, (3.29) wi th  improperly selected d i s c  2 

where Fc and Fb are t h e  geometric ( t h e o r e t i c a l )  f r i c t i o n  area o f  one 

s i d e  o f  t h e  first (cermet )  and second ( b i m e t a l l i c )  f r i c t i o n  elements; 

and Fe is t h e  e f f e c t i v e  f r i c t i o n  area, ob ta ined  w i t h  r o t a t i o n  o f  the 

f r i c t i o n  p a i r  e lements  about the c e n t e r  o f  r evo lu f ion .  

The mutual ove r l ap  c o e f f i c i e n t  was in t roduced  i n t o  the  c a l c u l a -  
t i o n s  by A. V. Chichinadze. The magnitude of  t h e  c o e f f i c i e n t  kmut 

i n f l u e n c e s  the n a t u r e  o f  t h e  tempera ture  d i s t r i b u t i o n  i n  t he  b r a k e  

d i s c s  and, t o  a cons ide rab le  degree ,  determines t h e  average s u r f a c e  
and in-depth temperatures, on which depend i n  t u r n  t h e  f r i c t i o n  
c e o f f i c i e r i t  and f r i c t i o n  p a i r  s u r f a c e  wear. I n  nruuorn d i s c  brakes, 
t h e  mut?;al ove r l ap  c o e f f i c i e n t  v a r i e s  i n  the  range 0.6 - 0.8. I n  
d:sc brakes w i t h  exposed f r i c t i o n  s u r f a c e  kmut = 0 . 2  i 0.3. 

The geometric f r i c t i o n  area v a r i a t i o n  which can take p lace  w i t h  

imprzperly s e l e c t e d  f r i c t i o n  d i s c  parameters has a s i g n i f i c a n t  
i n f l u e n c e  on b r a k e  dynamic performance. I n  o r d e r  t o  c l a r i f y  t h i s  

i n f l u e n c e ,  we s h a l l  examine how t h e  f r i c t i o n  d i s c s  shown i n  F i g u r e  
3.12 ope ra t e .  These d i s c s  have t h e  same number of s e c t o r s  which are  /52 
i d e n t i c a l  i n  s i ze  and shape. It i s  q u i t e  obvious t h a t  t h e  geometric 
f r i c t i o n  area w i l l  vary as t h e  cermet d i s c  A s l i d e s  over  t h e  b i m e t -  

a l l i c  d i s c  B. The f r i c t i o n  area w i l l  be maximal  when s e c t o r  E l i e s  
on s e c t o r  A and m i n i m z l  when s e c t o r  B s imkl taneous ly  ove r l aps  two i 

i ad jacen t  s e c t o r s  A .  Thus, t h e  f r i c t i o n  a r e a  w i l l  change as t h e  
I wheel t u r n s .  T h i s  v a r i a t i o n  i s  shown i n  Figure 3.13a f o r  a brake ! 
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1 

Figure  3.13. Geometric f r i c t i o n  
area F ( a )  and braking  moment b$., 

( D )  f o r  d i s c  brake ( w i t h  impro- 
p e r l y  s e l e c t e d  d i s c s )  as f u n c t i o n s  
of wheel r o t a t i o n  ang le  Q, and 
b rak ing  t i m e  T. 

having t h e  desc r ibed  d i s c s .  The 
c o e f f i c i e n t  account ing  f o r  
geometr ic  f r i c t i o n  area v a r i a t i o n  
is: 

F > r  wheel b r a k i n g  t o  be 

smooth,  t h e  c o e f f i c i e n t  yF should 

not  exceed 5%. When i t  exceeds 
t h i s  va lue ,  t h e  ampli tude of  
t h e  b rak ing  moment o s c i l l a t i o n  
may i n c r e a s e .  

The occurrence of  resonant  s t r u t  v i b r a t i o n s  i s  p o s s i b l e  f o r  a 
c e r t a i n  combination of' d i s c  and brake  housing s t i f f n e s s ,  f r i c t i o n  
material q u a l j t y ,  and l and ing  gea? element s t i f f n e s s .  Excess ive ly  
large v a r i a t i o n  of  t h e  geometric f r i c t i o n  area a l s o  has an unfavorable  
i n f l u e n c e  on the  b rake  p a i r  load  c a p a c i t y  and t h e  magnitude of t h e  
working s u r f a c e  wear. Knowing t h e  t h e o r e t i c a l  f r t c t i o n  area and 
t h e  k i n e t i c  energy which is  t ransformed by  t h e  b r a k e  i n t o  heat 
energy, we can determine the  s p e c i f i c  brak ing  work and the  ave:age 
s p e c i f i c  f r i c t i o n  power. The s p e c i f i c  brak ing  work 

- /53 

(3.31) 

where Ab i s  t h e  k i n e t i c  energy transformed i n t o  heat by  t h e  b r a k e ;  

n i s  the  numbel. o f  f r i c t i o n  s u r f a c e  pa i r s ;  F i s  t h e  geometric 

( t h e o r e t i c k l j  drea of one f r i c t i o n  s u r f a c e ;  Mb i s  t h e  brak ing  moment; 

and q~ i s  the  b r a k i n g  d i s t a n c e ,  expressed i n  r a d i a n s .  

g 

The average s p e c i f i c  f r i c t i o n  power 

56 



where T is t h e  b rak ing  t i m e ;  and 
w is  t h e  wheel a n g u l a r  v e l o c i t y  

a t  t h e  moment of b r a k i n g  i n i t l -  
a t  ion .  

b i  

@j _ ~ .  __- . ~ __._ 

The s p e c i f i c  b rak ing  work, 
t h e  average  s p e c i f i c  f r i c t i o n  
power, and a l so  the  speed a t  
which s l i d i n g  of t h e  f i r c t i o n  
e lements  beg ins  are t h e  bas ic  
parameters de termining  t h e  brake  
o p e r a t i n g  regime. The s p e c i f i c  

is equ iva len t  
SP f 

---A IO 20 -. 30 P 4o % avkgf*m/cm2sbraking work A 
T 5 10 15 PspW kgf /cm2 

t o  t h e  heat energy genera ted  
F igure  3.14. F r i c t i o n  c o e f f i c i e n t  i n  t h e  b rak ing  p rocess  per  u n i t  
f as a f u n c t i o n  o f  t h e  ii-;ersge 
s p e c i f i c  p r e s s u r e  pspav, and f r i c t i o n  element c o n t a c t  area. 

s t a b i l i t y  c o e f f i c i e n t  ast as a 
f u n c t i o n  of t h e  average  s p e c i f i c  
b rak ing  power ( N s p  f ) a v .  

r a t e  o f  t r ans fo rma t ion  of mechanical energy i n t o  t h e  t h e r m a l  energy.  

The q u a n t i t y  ( N s p  

t h e  average  power p e r  u n i t  con- 
t z c t  area. I t  expres ses  t h e  

1 av i s  

S t u d i e s  have shown t h a t ,  f o r  a i r c ra f t  d i s c  b r a k e s ,  t h e  f r i c t i o n  
c o e f f i c i e n t  and i t s  s t a b i l i t y  depend bo th  on t h e  i n i t i a l  s l i d i n g  
v e l o c i t y  Vsl 

t empera ture  e,, and on t h e  q u a n t i t y  ( N  s p  f 1 a v o  

f r i c t i o n  c o e f f i c i e n t  f ve r sus  average  s p e c i f i c  p r e s s u r e  f o r  mul t i -  
d i s c  a i r c r a f t  wheel b r a k e s  ( f r i c t i o n  p a i r :  cermet MKV-50A and i r o n  
ChNMKh). T h i s  dependence i s  gene ra l i zed  f o r  i n i t i a l  s l i d i n g  velo- 

= 200  i c i t i e s  Vsl- = 18 + 30 m/sec, s p e c i f i c  b rak ing  work A 

500 kgf/cm2, and mass average b rake  d i s c  packet  tempera tures  e,, = 

arid O V  i n  350 : 600° C .  Poss ib l e  combinations of  Vsl A s p  ?, 

t h e  i n d i c a t e d  v a r i a t i o n  ranges  can y i e l d  d e v i a t i o n s  i n  t h e  magnitude 
o f  t h e  f r i c t i o r ,  c o e f f i c i e n t  of  o r d e r  tlO2. T h i s  same f i g u r e  shows 

and mass average s p  f '  s p e c i f i c  b rak ing  work A 

F igu re  3 . 1 4  shows t h e  

SP f 
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t h e  s t a b i l i t y  c o e f f i c i e n t  ast versus  average s p e c i f i c  brak ing  

p res su re .  The s t a b i l i t j  r o e f f i c i e n t  i s  t h e  r a t i o  

where % av is  t h e  average braking  moment du r ing  t h e  b rak ing  time; 

and Mb max 
ope ra t  ion .  

i s  t h e  maximal brak ing  moment f o r  t h e  given b rak ing  

We see from t h e  f i g u r e  t h a t ,  for ('sp f ) a v  = 30 kgf/m/(cm2/sec), 

t h e  s t a b i l i t y  c o e f f i c i e n t  ast does no t  exceed 0.57,  which i s  i t s  

maximal  a l lowable  normed va lue .  Consequently, use  of  t h e  given 
2 f r i c t i o n  p a i r  cannot be recommended f o r  ( N  ) 2 30 k g f / m / ( c m  / s e c ) .  sp f av  

F igure  s p  f' ) and A s p  f a v  The cermet wear ra te  depends on ( N  

3.15 shows t h i s  dependence f o r  s e v e r a l  va lues  o f  ( N S p  

a l i z e d  f o r  Vsl = 1 0  i 30 m/sec and B v  = 350 600" C .  D i f f e r e n t  

combinations o f  vsl 

va lues  shown i n  t h e  f i g u r e  by  30%. The wear ra te  0:- ChNMKh i r o n  is 
less than  t h e  wear rate o f  MKV-5OA cermet by  a f a c t o r  o f  three t o  
fou r .  

) av , gener- 

and Bv may y i e l d  d e v i a t i o n s  o f  Ih from t h e  

It i s  more convenient t o  examine t h e  b r a k e  f r i c t i o n  e l e m e n t  
wear ra te  Ih c a l c u l a t i o n  f o r  a s p e c i f i c  example w i t h  t h e  fo l lowing  

b a s i c  data:  

K ine t i c  ene rgy  absorbed by  t h e  b r a k e  i n  
a s i n g l e  a c t u a t i o n  Ab 

Braking moment l'$, 
Angular f r i c t i o n  element s l i d i n g  

Brake d i s c  o u t e r  diameter Do 
v e l o c i t y  a t  brak ing  i n i t i a t i o n  ubi 

6 . 6  * l o 5  kgf/m 
330 kgf/m 

200 sec - l  
245 mm 
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Ih d b r  

Figure 3.15. 
work A f o r  va r ious  average s p e c i f i c  powers, 

Wear ra te  Ih of  MKV-50A cermet ve r sus  s p e c i f i c  brak ing  

SP f 

Brake d i s c  i n n e r  diameter Di 

T h e o r e t i c a l  f r i c t i o n  area o f  one s i d e  

140 mm 
Average f r i c t i o n  area r a d i u s  F$ 96 mm 

of  cermet d i s c  Fc 276 cm2 

of b i m e t a l l i c  d i s c  Fb 280 cm2 

of  d i s c  Fe 317 crn2 

T h e o r e t i c a l  f r i c t i o n  area o f  one side 

E r f e c t i v e  f r i c t i o n  area f o r  one s ide  

Number of b r a k e  s u r f a c e  p a i r s  n '  8 

The c a l c u l a t i o n  begins  w i t h  determining t h e  mutual ove r l ap  
c o e f f i c i e n t  from (3 .29 )  

= 0.77. = Fc Fb 
kmu t 

Then w e  determine t h e  t h e o r e t i c a l  f r i c t i o n  area f o r  one s i d e  o f  t h e  
f r i c t i o n  d i s c  

2 = 244 crn . 

After f i n d i n g  Ff ,  we determine t h e  average s p e c i f i c  f r i c t i o n  

power (under  t h e  cond i t ion  P$, 2 c o n s t )  f o r  t h e  p a i r e d  (cermet and  

b i m e t a l l i c )  f r i c t i o n  s u r f a c e s  
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) = MbUbi -- = 17 kgf/m/(cm 2 /sec) (Nsp  f av  2Ff*n '  

and t h e  s p e c i f i c  b rak ing  work 

2 = 340 kgf/m/cm . - - Ab 
s p  f Ff n '  A 

The va lues  of t h e  f r i c t i o n  c o e f f i c i e n t  and the  s t a b i l i t y  

c o e f f i c i e n t ,  deterrrined from t h e  curves  of f ( N  and 

a s t ( N s p  f a v  

SP f a v  
) i n  F igu re  3.14, are 

f x 0.3 -i- IOYo and ust 2 0.7. 

The va lues  of t h e  cermet (MKV-50A) and i r n n  (ChNMKh) wear f o r  
a s i n g l e  brak ing ,  Letermined from t h e  I h ( A s p  
3.15, are 

) curves  i n  F igure  

The o v e r a l l  f r i c t i o n  p a i r  wear i s  

<!)*10-' siM. CIh:" (I h e  MKV ' (I h ChNMKh 

The b r a k e  d i s c  s e r v i c e  l i f e  i s  found from this o v e r a l l  wear and 
t h e  a l lowable  f r1c t io ; i  layer  t h i c k n e s s .  

The r e q u i r e d  d i s c  clamping f o r c e ,  found from (3 .28 )  i s  

'b - f \ n t  ' 2 1400 kgf.  

The average s p e c i f i c  pressure on t h e  f r i c t i o n  elements  I s  

p = -  sb z 5.75 kgf/cm 2 . 
SP Ff 

2 For an o v e r a l l  c y l i n d e r  b lock  p i s t o n  area F equal  t o  1 8  cm , 
P 

t h e  b rake  s y s t e m  workinq p r e s s u r e  i s  
2 1. 2Sb 

*P 
pb = - z 95 kgf/cm . 
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In u/br 

SP’ 
Figure  3.16. 
and clamping f o r c e  Sb ( b ) ,  and f r i c t i o n  c o e f f i c i e n t  f ( c )  ve r sus  
number n t  of brake d i s c s .  

F r i c t i o n  p a i r  wear r a t e  Ih ( a ) ,  s p e c i f i c  p r e s s u r e  p 

Thc r e s u l t s  of  such a c ~ - . ; u l a t i o n  f o r  differeiit. number 3f 

f r l z t i o r ,  s u r f a c e  pa i r s  are shown 1.1 Figure  3.16. ’le see from t h e  
ana lys i s  o f  t h e s e  curves  t h a t  r educ t ion  of  t h e  number of f r i c t i o n  
su r face  pa i r s  (number o f  d i s c s ) ,  wh i l e  r e t a h i n g  t h e  b rak ing  moment 
cons t an t ,  leads t o  i n c r e a s e  o f  t h e  sp read ing  fort?, inc rease  o f  

sharp i n c r e a s e  of t h e  wear r a t e  I and dec rease  o f  the ,“r ic t ion h 

c o e f f i c i e n t  I^. Therefore ,  i n c r e a s e  o f  t h e  number (n’) of  f r i c t i o n  
s u r f a c e s  i s  sometimes used i n  o ,der  L O  i n c r e a s e  f r i c t i o n  element 
s e r v i c e  11 f e .  

t h e  s p e c i f i c  p r e s s u r e  on t h e  f r i c t i o n  elements ,  and, t he re fo re ,  t o  - 1 5 7  

5. Ca lcu la t ion  o f  Brake Sys tem Energy Capacity 

The f r i c t i o n  p a i r  i s  t h e  most h i g h l y  loaded component w i t h  

r ega rd  t o  thermal lo sd ing .  The thermal e f f e c t  shows up mast m a r k e d i y  
on t h e  brake  and wheel components: c y l f n d e r  b lo- . ,k ,  where t he re  arc. 
rubber  d e t a i l s ,  wheel hub  w i t h  t h e  bea r ings ,  and t h e  t i r e .  For 
these  components, t h e r e  i s  some maximal tenlperature r i s e ,  exceeding 
which may lead t o  s h o r t e n i n g  t h e  component s e r v i c e  l i f e  o r  component 
f a i l u r e .  

The amount o f  heat absorbed b y  t h e  b r a k e  s y s t e m  I s  propor t iona l  
t o  i t s  mass, t h e  heat capac i ty  o f  t h e  materials used i n  t h e  s y s t e m ,  
and t h e  a l lowable  mass average f r i c t i o n  p a i r  tempe-qture 
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where 

Here Gi i s  t h e  weight o f  t h e  d i sc  s t r u c t u r a l  elements;  n i s  t h e  

number o f  d i s c s ;  c is t h e  s p e c i f i c  heat c a p a c i t y  o f  t h e  s t r u c t u r a l  

element; kd i s  a c o e f f i z i e n t  account ing  for heat d i s s i p a t i o n  du r lng  

braking  and i n  t he  temperature  e q u a l i z a t i o n  p rocess  (kd z 0.85); 

i s  t h e  a l lowable  mass average temperature  r i se  o f  t h e  b rake  packet 
s t r u c t u r a l  elements;  60 is  t h e  i n i t i a l  temperature  of t h e  brake 

s t r u c t u r a l  elements.  

P i  

- 158 

The b r s k e  system energy abso rp t ion  capac i ty  i s  

427 
where i s  t h e  a l lowable  k i n z t i c  energy which t h e  brake i s  capable  

o f  t ransforming;  1/427 i s  t h e  heat c q d v a l e n t  o f  work. 

As a r u l e ,  t h e  maximal a l lowable  brake packet  temperature  ?Ise 
should not  exceed 400 - 50G0 C. 

Calcula t ion  o f  t h e  brakz energy abso rp t ion  capac i ty  involves  
determining t h e  mzss average packet temperature  f o r  t h e  given 
k i n e t i c  energy and packet  mass. We s h a l l  i l l u s t r a t e  t h e  procedure 
for c a l c u l a t i n g  t h e  b r a k e  energy abso rp t ion  capaoi ty  us ing  an example 
w i t h  t h e  fo l lowing  in i t5 . l ’  va lues :  

K ine t i c  energy t o  be absorbed by brakc 

Overa l l  weight o f  b rake  pactcet s t ee l  
i n  one a p p l i c a t i o n  

cornponents ( s t e e l  housings,  cermet 
d i s c s ,  e t c . )  

Ab = 800,000 kgf/m 

Gst = 14.6 kgf  
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G = 4.42 kgf 

Gc = 18.5 kgf 
C 

T o t a l  weight of cermet i n  b rak ing  
Overa l l  brake d i s c  i r o n  s e c t o r  weight 

Heat capacity: 
= 0.12 kcal/(kgf/OC) 

= 0.15 kcal/  (kgf/OC). 

s teel  C 

cermet C 

i r o n  C 

st= 0.17 kcal/(kgf/OC) 
P C  

P i  

I f  w e  take eo = 20° C as t h e  i r : i t i a l  brake tempera ture ,  t h e  

mass average bi-ake d i s c  packet  temperature ,  found from (3.30), 
w i l l  be 

G + c G + c G = 5.41 kcal/OC. 
P i  i 

CG c = 
i p i  cp st  st PC c 

Thus, the  mass average packet tempera ture  does no t  exceed t h e  
a l lowable  va lue  (400" C )  and t h i s  i s  a guarantee  t h a t  t h e  tempera ture  
o f  t h e  o t h e r  s t r u c t u r a l  e lements  also w i l l  no t  e x c e e i  t h e  a l lowable  
value.  

6 .  S t r e n g t n  Analysis  of Brake Details 

The pr i r ra ry  d i s c  brake  f r i c t i o n  elements  which must be analyzLd 
f o r  s t r e n g t h  inc lude  the  tenon-type f r i c t i o n  element j o i n t s ,  t h e  
r i v e t e d  s e c t o r  j o i n t s ,  t h e  c y l i n d e r  b locks .  e t c .  

A n a t y s i s  of brake  disc t enon  j o i n t s .  I n  b r a k e  element screi g t h  /59 
anal :?s is ,  t h e  t h e o r e t i c a l  u l t i m a t e  b rak ing  moment Math must b e  

greafer than  t h e  o p e r a t i n g  moment. 

The f o r c e  Penac t ing  on t h e  r o t a t i n g  d i s c  tenon (F igu re  3.17) 

i s  found from the  formula 
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where nten is t h e  number o f  d i s c  

tenons ;  n’ is  t h e  t o t a l  mmber  
of  b rake  f r i c t i o n  s u r f a c e s ;  
I”$ th i s  t h e  t h e o r e t i c a l  u l t i m a t e  

b rak ing  moment; kn i s  a coeff’:i- 

e n t  account ing  f o r  tenon load  
nonuniformity [ i ts  va lue  depends 
on assembly accuracy ( u s u a l l y  

= 0.75)]; D1 i s  t h e  tenon Figure 3.17. Diagram of  f o r c e s  kn 
a c t i n g  on d i s c  tenon du r ing  
braking.  c i r c l e  o u t e r  diameter; and D2 

is  t h e  tenon c i r c l e  i n n e r  dia-ter 

The tenon j o i n t  ( tenon on t h e  d i s c  and groove i n  t he  drum) is 
analyzed i n  bending, shea r ing ,  and bea r ing :  

a. bending stress i n  tenon 

3Pten(D1 - D2) 1 f t e n  
(6 i- -1, * b tens t en  ‘ten 

- - 
ben t e n  0 (3.31) 

where bten i s  t h e  tenon width; Gten  i s  t h e  tenon t h i c k n e s s ;  f te3  

i s  t h e  c o e f f i c i e n t  o f  f r i c t i o n  between t h e  tenon and t h e  fyoove 
( u s u a l l y  ften = 0.1  i 0.15);  

b .  s h e a r i n g  and b e a r i n g  stresses i n  tenon 

T = -  3’ten 
sh 2b6tec ’ 

t e n  P 
o =  

be ‘tenhbe 

where hbe i s  t h e  b e a r i n g  area h e i g h t .  

( 3 . 3 2 )  

( 3 . 3 3 )  

I n  a l l  t h e  above c a l c u l a t i o n s ,  t h e  s t r e n g t h  safety f a c t o r  i s  
determined from t h e  relaticjns: 
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sh or q = - - ~ r o ,  
'sh 

wnere 61.1~sh i s  t h e  compor,ent material u l t i m a t e  s t r e n g t h  w i t h  

account for h e a t i n g  ( i n  bending and shear). 

Anatysis  of Pive ted  j o i n t .  Rive t s  are used t o  a t t a c h  t h e  cermet 
or i r o n  s e c t o r s  t o  t h e  steel  load-carrying s t r u c t u r e .  The f o r c e  
app l i ed  t c  the  r i v e t  is found from t h e  formula (see Figure 3.17) 

- /60 
( 3 . 3 4 )  - - 4% t h  

' r iv  kn(D3 + D2)nsnfnriv ' 

where % th i s  t h e  t h e o r e t i c a l  u l t i m a t e  b rak ing  moment; D 

s e c t o r  o u t e r  diameter; D 

numb2r o f  d i s c  sectors;  nf i s  t h e  number of brake f r i c t i o n  s u r f a c e s ;  

and n 

is the 

is the  s e c t o r  i n n e r  diameter; ns is  t h e  
3 

2 

i s  t h e  number of  r i v e t s  p e r  s e c t o r .  r i v  

Veni f i ca t ion  of brake cyZinder bZock s t reng th  is made on the 
basis o f  t h e  t h e o r e t i c a l  u l t i m a t e  p r e s s u r e  i n  t h e  brake  system 

1. 2Sf 
- k s F  
- 

P 
'b t h  ( 3 . 3 5 )  

where ks i s  t h e  safety f a c t o r ;  F 

t h e  brake  sg read ing  fo rce .  

i s  t h e  o v e r a l i  s t o n  area; Sf is  P 

I n  t h e  s t r e n g t h  c a l c u l a t i o n ,  t h e  bottom of  t h e  c y l i n d r i c a l  
p a r t  o f  t h e  c y l i n d e r  block i s  considered a c i r c u l a r  p l a t e ,  clamped 
a long  t h e  o u t e r  edge and loaded b y  t h e  uliiformly d i s t r i b u t e d  p r e s s u r e  

(F igure  3.18).  The maximal  stress a t  t h e  o u t e r  edge 'b t h  
3 'b t h  R2 

omax L= - -  
4 JI' 

(3 .36)  

where R i s  t h e  c y l i n d r i c a l  pa r t  bottom r a d i u s ;  and C1 is  t h e  
c y l i n d e r  block bottom wall thickneb,, . 

6 5  
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The stress a t  t h e  c e n t e r  of 
t he  c y l i n d e r  b lock  bottom 

= __. 3 F p b  - th(1 - f 
( 3.  37) 86: 

where v is  t h e  Poisson r a t i o  o f  
t he  c y l i n d e r  b lock  material. 

Figure 3.18. Schematic f o r  
The c y l i n d e r  block s t r e n g t h  brake c y l i n d e r  block c y l i n d r i c a l  

segment a n a l y s i s .  

thickness 61 and uniform l o a d i n g  by t h e  i n t e r n a l  p r e s s u r e  (pb th)  on 
is v e r i f i e d  f o r  cons t an t  wall 

t h e  basis o f  t h e  stress 

’b thRsh  
c= - 9  

61 
(3.38) 

where Rsh is t h e  average c y l i n d e r  b lock  r a d i u s .  

The stresses i n  t h e  b lock  channel  walls are found from t h e  
known Lam6 formula 

(3.39) 

where R1 is t h e  channel o u t e r  r a d i u s ;  r2 i s  t h e  channel i n n e r  r ad ius .  /61 

The s t r e n g t h  cond i t ion  f o r  a l l  t h e a e  c a l c u l a t i o n s  i s  

1 ,IO, 
” I- -; -- 

where u is t h e  c y l l n d e r  block material u l t i m a t e  s t w n g t h .  
U 

7 .  Brake S t r eng th  Analysis  w i t h  Sf.?? Loads Acting on t h e  Wheel 

Turing a i r p l a i e  t a x i ,  t a k e o f f  run,  o r  pos t l and ing  r o l l o u t ,  
1 a t f r d i  o s c i l l a t i o n s  of both t h e  wheel axle  and t h e  b r a k e  wnich Is 
r l g i d l y  mounted on t h e  landir,g gea r  may a r i se  because o f  runway 
s u r f a c e  i r r e g u l a r i t i e s .  These v i b r a t i o n s  a r e  t r a n s m i t t e d  from t h e  

b rake  housing t o  t h e  b rake  d i s c  packet .  Since t h e  brake d i s c s  can 
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c 

z 
I 
i 

move f ree ly  i n  t h e  hous ing  s l o t s  
and are not  r i g i d l y  coupled 
w i t h  t h e  housing,  this leads t o  
t h e  appearance of a ctii'fcrence 
between t h e  brake  housiiig l i n e a r  
v e l o c i t y  and t h e  b rake  packet  
v e l o c i t y .  As a r e s u l t ,  t h e  b r a k e  

packet  may c o n t a c t  t he  b r a k e  F igure  3.19. Schematic f o r  
ana lvz inn  brake under the a c t i o n  
of s ide loads .  
appearance o f  large a x i a l  l oads  on t h e  b r a k e  detai ls  and peak 
b rak ing  moment va lues .  

housing,  which leads t o  t h e  

The peak b r a k i n g  moments can b e  reduced by i n s t a l l i g g  i n  t h e  
b r a k e  packet e las t€c  damping e lements  which are capable  o f  reducing  
the  packet  impact energy. The bas i c  parameters  of such damping 
elements  are determined as fo l lows  (F igu re  3.19). 

The b a s i c  data f o r  t h e  c a l c u l a t i o n  are:  

- brake  d i s c  packet  weight Gb 

- maximal c l e a r a n c e  between t h e  d i s c  packet  and t h e  b r a k e  

housing suppor t  f l ange  6cl = ( a  + b); 
- brake a x i a l  o s c i l l a t i o n  frequency f'; 

- maximal load  f a c t o r  n t a X  i n  t h e  a x i a l  d i r e c t i o n  f o r  a 

p a r t i c u l a r  o c c i L l a t i o n  frequency.  

We assume t h a t  t h e  wheel o s c i l l a t i o n s  Z i n  t h e  a x i a l  d i r e c t i o n  
are harmonic and fol low a s i n u s o i d a l  law, i . e . ,  

2 = A'sinw, (3.40) 

where Z i s  t h e  in s t an taneous  b r a k e  housing v i b r a t i o n  ampli tude;  P.' 

i s  the  maximal v i b r a t i o n  ampli tude;  w is  t h e  v i b r a t i o n  angu la r  
frequency; and T i s  t h e  v i b r a t i o n  time. 
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I n  accordance w i t h  (3.401, t h e  maximal  wheel and brake  hous ing  
a c c e l e r a t i o n  i s  

Z = A'd. 

Consider ing  tha t  2 = nax 'g and w = 2 n f ' ,  we o b t a i n  t h e  v i b r a t i o n  
amp lit ude 

The b r a k e  packet  maximal v e l o c i t y  is found from t h e  r e l a t i o n  

The packet  r e l a t i v e  v e l o c i t y  ( r e l a t i v e  t o  t h e  hous ing)  a t  the 
i n s t a n t  o f  impact is 

. .  
= Vmax - = V m r  - A'w COS  car^, 'imp 

where i i s  t h e  b rake  housing v e l o c i t y  i n  t h e  a x i a l  d i r e c t i o n ;  fO is 
the  time of d i s c  packet  movement from t h e  i n s t a n t  o f  reachirig t h e  
v e l o c i t y  Vmsx u n t i l  c o n t a c t  w i t h  t h e  b rake  hokaing, found from t h e  

equa t ion  

4 

bCl = 3 vimp&=$ ( V - - A ' ~ C O S W - T ) ~ T ,  
0 0 

= Vmarro - A sin mo. 
& C l  

and t h e  d i s c  packet  weight ,  imp Fron t h e  va lues  o f  t h e  v e l a c i t y  V 

we f i n d  t h e  packet  k i n e t i c  energy at t h e  i n s t a n t  o f  c o n t a c t  d l t h  

t h e  b r a k e  housing 

The f o r c e  a r i s i n g  on t h e  b r a k e  hous ing  suppor t  f l a n g e  a t  t h e  

i n s t a n t  o f  im?act can b e  found from t h e  formula 

dYn = k  
dYn 

P 
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where 

pot  ’ dY n 
k 

1 

is  t h e  suppor t  f l a n g e  deformation w i t h  s t a t i c  a p p l i c a t i o n  of &st 
a load  equal  t o  G b .  

For r a t i o  Uimp/Upot 2 110 and t a k i n g  Gb = ~ 6 ~ ~ ,  we o b t a i n  from 

( 3 . 4 3 )  

where m is  t h e  brake  disc; packet  mass and c i s  t h e  brake housing 
support  f l a n g e  s t i f f n e s s .  

T h i s  f o r c e  exceeds the  b r a k e  d l s c  clamping f o r c e  Sb i n  c e r t a i n  

c a s e s  by  a f a c t o r  of  3 - 4 ,  which i s  t h e  reason  f o r  t h e  appearance 
o f  t h e  brak ing  moment peak overshoots .  

The b rak ing  moment overshoot peaks can be reduced by i n s t a l l i n g  
i n  t h e  brake packet e l a s t i c  damping elements  which are capable  o f  
reducing t h e  impact fo rce .  The b a s i c  parameter  ( s t i f f n e s s )  of such 
a damping element can be  found as fo l lows .  Assuming t h a t  t h e  f o r c e  
P must no t  exceed t h e  clamping f o r c e  Sb, w e  ob ta in  

dY n 

impC 9 
= sb = JmV‘ dY n P 

hence, 
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In t h i s  c a s e ,  t h e  bpake packet k i n e t i c  energy at the moment o f  
impact wi th  t h e  brake housing support f l a n g e  i s  equal  t o  t h e  e l a s t i c  
damping element deformat ion  energy, i. e . ,  

b imp 1 &2 ' - C  
G V2 

Q' 2 2 e l  e l '  

where tSel I s  t h e  e l a s t i c  element deformation with a p p l i c a t i o n  o f  

t h e  load P = Sb. 
dY n 



CHAPTER 4 

BRAKED AIRCRAFT WHEEL CONSTRUCTION 

1. Wheels w i t h  Disc Brakes 

The braked wheel w i t h  a d i s c  brake has a complex c o n s t r u c t i o n  
w i t h  a large number of  components and de ta i l  par ts  (F igu re  4 . 1 ) .  
The wheel i t s e l f  is a cast  o r  stamped drum 2 w i t h  two o u t e r  f l a n g e s  
which r e s t r a i n  the t i r e  s e c u r e l y .  One of t h e  f l a n g e s  i s  i n t e g r a l  
and i s  fabr ica ted  as one w i t h  t h e  wheel. The o t h e r  removable f l a n g e  
i s  formed from two removable ha l f - f l anges  5 mounted on t h e  drum 
(Figure 4 . 2 ) .  
s t a t i o n a r y  keys  7 and are connected w i t h  one a n o t h e r  by  t h e  j o i n i n g  
p la te  9 and b o l t s  1 0 .  The  a x i a l  f o r c e  from t h e  t i r e  a c t i n g  on t h e  
ha l f - f l anges  i s  taken  by  a spec ia l  t h r u s t  r i n g .  Two r ad ia l  t h r u s t  
r o l l e r  bea r ings  17 ,  between t h ?  i n n e r  r a c e s  of which t h e r e  i s  a 
space r  s l e e v e  1 6  t o  prevent  o v e r t i g h t e n i n g  of t h e  b e a r i n g s ,  are  
p res sed  i n t o  t h e  drum hub. The o u t e r  grease seals 1 2  a re  i n s t a l l e d  
t o  seal  t h e  drum i n n e r  c a v i t y  between t h e  bea r ings  and prevent  l u b r i -  
cant  leakage from t h e  c a v i t y .  The p r o t e c t i v e  cover  11 p r o t e c t s  t h e  

ou ter  grease sea l  qnd a x l e  de t a i l s  from any p o s s i b l e  damage. SteL: 

guides 5 which a re  a t t a c h e d  t o  t h e  drum by t h e  r i v e t s  6 are p res sed  
i n t o  s l o t s  on t h e  wheel drum. The %enons of t h e  r o t a t i n g  brake 
d i s c s  extend i n t o  t h e  guides .  

The ha l f - f l anges  8 are l o c a t e d  on t h e  drum by t h e  
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Figure 4 .4 .  Aircraft wheel w i t h  expander t u b e  brake. 
1- valve;  2- t i r e ;  3- nu t ;  4- cap; 5- cup; 6 ,  10- flanges; 7- 
f e l t  r i n g ;  8- b o l t ;  9- grease seal body; 11- s e l f - l o c k i n g  n u t ;  
12-  f l ange  w i t h  grease real seat; 13- grease seal; 1 4 -  cap; 15- 
r o l l e r  bear ing;  16, 17- d r i v i n g  and d r i v e n  gears; 18, 19- s p l i n e d  
s l eeves ;  20- s e n s o r  b racke t ;  21- s ensc r ;  22- b.,‘lt;  23- brake 
housing; 24- f i t t i n g ;  25- valve;  26- brake expander tube;  27- 
shoe; 28- l i n i n g ;  29- key; 30- drum; 31- ha l f - f lange;  32- b o l t .  

2. Wheels w i t h  Expander Tube Brakes 

Expander tube  brakes are very  s imple  i n  c o n s t r u c t i o n ,  however, 
t hey  have q u i t e  good o p e r a t i o n a l  c h a r a c t e r i s t i c s .  Figure 4 . 4  shows 
a wheel w i t h  two expander tube  brakes. The wheel  drum is  c a s t .  
A t  one end o f  t h e  drum there is  a t h r u s t  c o l l a r ,  on which the  
reinovable h n l f  f l a n g e s  31 are mounted axid are held i n  p l ace  by t he  
key 29 and t i e  b o l t s  22 .  The b i m e t a l l i c  b rak ing  l i n i n g s  28, which 
are s t ee l  r i n g s  wi th  s p e c i a l  i r o n  s i n t e r e d  t o  them, are a t t a c h e d  t o  
t h e  drum d i s c  by s p e c i a l  screws. 
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The wheel b-ake c o n s i s t s  of 
t h e  hoQsing 23, mounted on t h e  
l a n d i n g  gear f l ange ,  t h e  cups 
5 and f l a n g e s  6 ,  forming a 
c a v i t y  f o r  t h e  brake expander 
t u b e s  26, on which there are 
mounted t h s  brake shoes 27 
( r e c t a n g u l a r  p l a s t i c  b locks  
r e i n f o r c e d  by a steel  carcass).  
The p r e s s u r e  is  supp l i ed  t o  the 
b rake  expander tube  through the  
f i t t i n g  24 and tube  va lve  25. 
The t i r e  i s  i n f l a t e d  w i t h  a i r  
through the  va lve  1. The wheel 
is  equipped w i t h  t h e  a n t i s k i d  

Figure 4.5. V a r i a t i o n  of bu lk  
temperature  0 , brak ing  moment 
I $ ,  and power Nb i n  expander 
tube  brake durL*lg braking .  sys tem c o n t r o l l e r  electromechani- 

s p e c i a l  b racke t  20. The s e n s o r  i s  r o t a t e d  by  a d r i v e  c o n s i s t i n g  of  
t h e  gears 17 and 16 and t h e  s p l i n e d  s l e e v e s  19 and 18. 

ca l  s e n s o r  21, mounted on t h e  

The brake works a? fol lows.  Upon a c t u a t i o n  o f  t h e  brake,  t h e  
brake expander tube  under t h e  p r e s s u r e  of the  e n t e r i n g  a i r  ( o r  

f r i c t i o n  f o r c e  c r e a t e s  t h e  bre:.:ing moment. I n  t h e  wheels w i t h  
expander tube  brakes, t h e  heat created d u r i n g  b rak ing  is  absorbed 
by c .e brake l i n i n g ,  whose tempera ture  may reach  300' C. A t  t h e  
same time, t he  tempera ture  a t  t h e  brake  l i n i n g  f r iuL ion  s u r f a c e  may 
r each  1000° C d u r i n g  t h e  b rak ing  process .  

l i q u i d )  f o r c e s  the  brake  shoes  a g a i n s t  t he  l i n i n g .  The r e s u l t i n g  /70 

Figure 4.5 shows t y p i c a l  curves  of  mass average tempera ture  e,,, 
b r a k i n g  moment I"$,, and brake power Nb du r ing  t h e  b r s k i n g  process .  

The maximal tempera ture  d i f f e r e n t i a l  through t h e  l i n i n g  t' 11 L C  xr,e p L 

(from t h e  con tac t  surface t o  t h e  p e r i p h e r y )  i s  observed at, b i p k i n g  
i n i t i a t i o n  and reaches  approximately 1000° '1. T h i s  temperature  
d i f f e r e n t i a l  may lead, i n  t h e  course cf' tit--, t o  t h e  appearance o f  
c racks  and s e p a r a t i o n  o f  t h e  i r o n  from t h e  s t e e l  r i n g ,  
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The temperature  of t h e  o t h e r  b rake  and wheel elementb is 
usua l ly  c m s i d e r a b l y  lower than that of the  brake l i n i n g .  For 
example, t he  temperature of the drum under t h e  tire bead it u s u a l l y  
1 /4  - 1/5 of the l i n i n g  temperature  and t h e  temperGture in the  
bea r ing  area is about 11’8 - 1/10 o f  the l i n i n g  tempcrature.  
wheel drum temperatu:e rise depends t o  a cons iderable  degree on the 
s i z e  of t he  a i r  gap betwe I: the  brake l i n i n c  and the drum i n n e r  
su r face .  

The 

The wheel brak ing  moment can be found f’rom ‘he formula 

where fbs is tile coe? f i c fen t  of f r i c t i o n  between t h e  brake shoes 

and l i n i n g ,  f = 
pfr  is t h e  s p e c i l l c  p re s su re  on t h e  f r i c t i o n  su r face ;  Pe is the 

e f f e c t i v e  f r i c t i o n  area; ar4 r is t he  brbke l i n i n g  i n n e r  s u r f a c e  
-adius . 

- 0.4, depending on the  f r i c t i o n  pa i r  materisl; 

%ere pp The magnitude of t h e  s p e c i f i c  p r e s s u r e  pfr = p,c - pbp, .. 
is the pressure  i n  t he  brake t u b e  and p 

magnitude depends on t h e  e las t ic i ty  of the brake tubc and t h e  r e t u r n  
sp r ings .  

is  t h e  backpressure,  whose /’71 
bP 

The e f f e c t i v e  f r i c t i o n  area 

Fe = kmua2nAs C4.3) 

where kmu is  the c o e f f i c i e n t  of mutual over lap ,  account ing f o r  the 

brake cons t ruc t ion  (kmu = 0.8 3 0.9); a i s  t h e  brake shoe width; 

and r is the  breke l i n i n g  i n n e r  s u r f a c e  r ad ius .  

The br ‘ :& moment f r rmula ( 4 . 1 )  can be transformed t o  t h e  form 
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where Cc is a c o n s t r u c t i o n a l  cons t an t  (Cc - Fer).  

Along with t h e  advantage of  c o n s t r u c t i o n a l  simplicity, t he  
expander tuhe  brakes have s i g n i f i c a n t  drawbacks. These are, first 
of a l l ,  the  p o s s i b i l i t y  of brake . tube  f a i l u r e  as- a consequence of 
overhea t ing  and t h e  r e s u l t i n g  p o s s i b i l i t y  of fire a8 the brake f l u i d  
c o n t a c t s  the hot l i n i n g .  Another drawback of the  brake is the 
absence i n  its c o n s t r u c t i o n  of a brake shoe w e a r  compensator. As 
the  brake shoes wearsthe c l ea rance  between them and t h e  l i n i n g  
i n c r e a s e s  and, therefore, the amount of l i q u i d  (for hydraulde-brake#)  
o r  a i r  ( f o r  pneumatic brakes) r e q u i r e d  t o  f o r c e  the shoes a g a i n s t  
the l i n i n g  i n c r e a s e s ,  as a r e s u l t  of which t h e  brake a p p l i c a t i o n  
time i n c r e a s e s  and the  brake system dynamics d e t e r i o r a t e .  

3. Wheels w i t h  Shoe Br?.kes 

A t  t h e  p resen t  time, wheels w i t h  shoe type  brakes are used on 
comparatively small a i r p l a n e s .  

A t y p i c a l  c o n s t r u c t i o n  of a wheel with shce brakes is shown i n  

Each shoe is  hinged t o  an anchor shaft -10, which i s  
Figure 4.6. 
brake l i n i n g s .  
mounted r i g i d l y  i n  ears of  t h e  brake housing 1 4 .  

The brake has two independent r i g i d  cast shoes 3 w i t h  

Two c y l i n d e r s  7 are mounted on the brake housing and their  
work -.ig chambers are interconnectec? by tub ing .  The c y l i n d e r s  
have an e x t e r n a l  f i t t i n g  16 f o r  connect ion t o  the a1rp:ane brake 
lice. Thz c y l i n d e r  p i s t o n s  5 have c i r c u l a r  s e a l i n g  r i n g s  and 
p r o t e c t i v e  rubber  s l e e v e s  8 t o  seal the c y l i n d e r  working chambers. 

Expansion of  t h e  shoes i s  accomplished with t h e  a i d  of t h e  
unequal arm l e v e r  9 ,  which is  hinged on t h e  shoe anchor shaft. 
s i o r t  l e v e r  arm, having :t. t h e  end the r e g u l a t i n g  screw 1 w i t h  the 
nut 2, rests on t h e  f r e e  end of t h e  shoe, while  t h e  rod 6 a t  t h e  end 
o f  t h e  'ong l e v e r  arm rests on t h e  p i s t o n .  When f l u i d  is  supp l i ed  
under pressure t o  t h e  c y l i n d e r s ,  the  shoes are forced  against t h e  

The 

/J 
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Figure 4.6. 
1- r e g u l a t i n g  screw; 2- nu t ;  3- cast shoes; 4- r e t u r n  sp r ing ;  
5- p is ton;  6- rod; 7- cy l inde r ;  8- p r o t e c t i v e  s l eeve ;  9- unequal 
arm leve r ;  10- anchor shaft; 11- r e g u l a t i n g  screw; 12- beve l  gear; 
13- beve l  gear; 14-  brake housing; 15- cover  plate;  16- e x t e r n a l  
f i t t i n g .  

Shoe t y p e  brake cons t ruc t ion .  

wheel brake l i n i n g s  and retard the wheel. The higher t h e  f l u i d  

p re s su re ,  t h e  larger t h e  b rak ing  moment developed by t h e  brake.  The 
moment is t r a n s m i t t e d  through the  anchor shafts t o  t h e  brake housing, 
which is b o l t e d  t o  t he  landing  gear f l ange .  

The c e n t r a l  ho le  i n  the  brake housing is  used t o  c e n t e r  t he  
housing r e l a t i v e  t o  the wheel ax le .  When t h e  p res su re  i n  t h e  
c y l i n d e r s  is released, t h e  re t i r rn  s p r i n g s  4 p u l l  the  shoes away 
from the  l i n i n g  t o  t h e  i n i t i a l  p o s i t i o n  and unbrake the  wheel. I n  
the  unbraked s ta te ,  a c l ea rance  equal  t o  0.3 - 0.4 mm i s  provided 
between the brake l i n i n g  and t h e  shoes,and t h i s  c l ea rance  i s  estak- 
l i s h e d  and regulated by the r e g u l a t i n g  screw 11, which is  r o t a t e d  
by t h e  bevel  goars 1 2  and 13. The p r o t c c t i v e  cover 15 p r o t e c t s  t h e  
brake againsf  rt. 







Figure 4.9. Hydraulic brake 
p i s t o n  element. 
1- block; 2- s l eeve ;  3- 
p i s t o n ;  4- washer; 5, 6- 
0 r ings .  

C A 

Figure  4.10. Pneumatic brake  
p i s t o n  element.  
1- s l e e v e  0 r i n g ;  2- p i s t o n  
0 r i n g ;  3- p i s t m ;  4- 0 r i n g ;  

i n  t h e  forward p a r t  o f  t h e  s l eeve .  5- a c t u a t i n g  p i s t o n .  
Lubricant  is s u p p l i e d  irL- t h e  

zone w+Uween r i n g s  2 and 4 from chamber A by t h e  p i s t o n  3 when the 
working p r e s s u r e  i s  a p p l i e d  t o  t h e  block chamber B and t h e  c y l i n d e r  
chamber. 

Figure 4 . 1 1  shows a t y p i c a l  wheel brake  release u n i t  which - 175 
does no t  have automatic  r e g u l a t i o n  o f  t h e  c l e a r a n c e  between t h e  
p res su re  d i sc  and t h e  brake packet .  The u n i t  c o n s i s t s  o f  t h e  
s p r i n g  2, one end of which rests on t h e  end p l a t e  1 and t h e  o t h e r  
end o f  t h e  plate o f  rod  3. The rod i s  connected w i t h  t h e  p r e s s u r e  
disc  by either a threaded connect ion o r  a Tee-type connect ion.  

A t y p i c a l  col l .e t  t ype  wheel brake  release u n i t  w i th  automatic  
r e g u l a t i o n  of t h e  c l e a r a n c e  between t h e  p r e s s u r e  d i sc  and brake 
packet i s  shown i n  F igure  4 .12 .  Such u n i t s  are use4 w i t h  s t r i c t l y  
l i m i t e d  c l ea rance  between t h e  p re s su re  d i sc  and the  brake packe t ,  
s i n c e  wi th  excess ive ly  large c l e a r a n c e  formed because of  f r i c t i o n  
d i s c  wear, t h e  f l u l d  volume necessary  f o r  wheel brake a p p l i c a t i o n  
i n c r e a s e s ,  and, i n  a d d i t i o n ,  d i s c  c e n t e r i n g  d c t e r i o r a t e s .  

I n  t h i s  u n i t ,  t h e  p r o f i l e d  rod 5 i s  connected w i t h  t h e  

p re s su re  d i s c  6. The s l e e v e  3 on t h e  end of which t h e  s p r i n g  
4 bears i s  r i g i a l y  a t t a c h e d  t o  t h e  rod  5 i t se l f .  The rod 5 is 
p a r t i a l l y  cen te red  i n  t h e  threaded i n s e r t  7 ,  which is screwed i n t o  
the  c o l l e t  2. The tee th  o f  t h e  lobes  C of the  c o l l e t  2 enter  t h e  
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Figure  4 .11 .  Brake release un,t. 
1- end plate; 2- sp r ing ;  3- rod. 

grooves of t h e  rod 5, whose pro- 
f i l e  permits  t h e  rod 5 t o  d i sp lace  

Figure  4.12.  C o l l e t  t y p e  b r a k e  
release unit w i t h  a u t m a t i c  
r e g u l a t i o n .  
1- block;  2- co;let;  3- s l e e v e ;  
4- s p r i n g ;  5- rod; 6- p r e s s u r e  
d i sc ;  7- threarled i n s e r t .  

on1 i n  one djr .ect ion.  During brake  ay - j l i ca t ion ,  t h e  p r e s s u r e  d i s c  
6 ,  i i s p l a c i n g  through t h e  d i s t a n c e  A, compresses t he  b r a k e  packet .  
The rod 5 and t h e  a t t a c h e d  s l e e v e  3, which compresses t h e  s p r i n g  4 ,  
d i s p l a c e  t o g e t h e r  w i t h  t h e  p r e s s u r e  d i s c .  The c o l l e t  2 a l so  d i s -  

p1xe .s  a long  w i t h  t h e  rod u n t i l  i t s  shou lde r  c o n t a c t s  the  body of  
t h e  block 1. If t h e  c l ea rance  A < B, t h e  unit cannot a u t o m a t i c a l l y  /76 
r e g u l a t e  t h e  c l e a r a n c e  between t h e  p r e s s u r e  d i s c  and t h e  brake  
packet .  

Automa'-ic r e g u l a t i o n  o f  t h e  c l e a r a n c e  between t h e  d i s c  and the 
packet takes p l a c e  as fo l lows .  

As t h e  b r a k e  packet wears,the c l ea rance  A i n c r e a s e s  and, d u r i n g  
braking,  t h e  shoulder  of  t h e  c o l l e t  2 c o n t a c t s  t h e  body o f  t h e  b lock  
1 be fo re  t h e  p r e s s u r e  d i s c  c o n t a c t s  t h e  b r a k e  packet .  With f u r t h e r  
movement o f  t h e  p r e s s u r e  d i s c  6 ,  t h e  rod 5 begins  t o  d i s p l a c e  r e l a t i v e  
t o  t h e  c o l l e t  2 ,  t h e r e b y  Compensating fo.- b rake  packet wear. When 
t h e  packet wear r eaches  a magnitude equal  t o  t h e  rod p r o f i l e  too t t i  
;> i tch  S, t h e  c o l l e t  lobes spread and t h e  rod advances one t o o t h ,  
; 0 ,:; t h e  magnitudt o f  t h e  wear S. After b r a k e  release, t h e  

Z r  i r e t u r n s  t h e  s l e e v e  3 ,  rod 5 ,  c o l l e t  2 ,  and d i s c  6 t o  t h e  
- .  - . , - I   sitio ion. In  t h i s  c a s e ,  t h e  c l ea rance  A again  becomes equal  

, la1 va lue ,  wh i l e  t h e  . y r i n g  i s  f u r t h e r  compressed by t h e  
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4.13. F r i c t i o n  t y p e  brake 
release u n i t  w i th  automatic  
r e g u l a t i o n .  
1- t h r u s t  nu t ;  2- sp r ing ;  3- 
r i n g ;  4- clamp; 5- cover;  
6- rod; 7- p r e s s u r e  d i sc .  

s p l i t  c o l l a r  4 w i t h  the  t h r u s t  nut 

magnitude S. Thus, t h e  u n i t  
makes it p o s s i b l e  t o  a l t e r  
a u t o m a t i c a l l y  t h e  c l e a r a n c e  
between the p r e s s u r e  d i s c  and 
t h e  brake packet  i n  t h e  l i m i t s  
from A t o  A + S. 

Figure  4.13 shows a f r i c t i o n  
t y p e  b r a k e  release u n i t  w i t h  
au tomat ic  r e g u l a t o r  o f  t h e  
c l e a r a n c e  between t h e  d i sc  and 
t h e  packet .  I n  t h i s  u n i t ,  t he  
rod 6 ,  one end of which is 
connected w i t h  t h e  p r e s s u r e  
d i sc  7,  i s  l o c a t e d  i n s i d e  t h e  

1. Between t h e  r i n g  3 and t h e  
nut  1, there is t h e  precompressed s p r i n g  2 ;  t he  lobes  b of  t h e  c o l l a r  
4 are drawn t o g e t h e r  by two b d l t s ,  as a r e s u l t  o f  which t h e  rod  6 
can ex tend  only  w i t h  a p p l i c a t i o n  t o  i t  o f  a d e f i n i t e  f o r c e .  The 
e n t i r e  u n i t  i s  mounted i n  t h e  brake c y l i n d e r  block and enc losed  by 
t h e  p r o t e c t i v e  cover  5 .  During p i s t o n  movement, t h e  p r e s s u r e  d i s c  
7 and t h e  rod 6,  h e l d  by t h e  clamp 4 ,  d i s p l a c e  t o g e t h e r .  I n  t h i s  

case, t h e  r i n g  3 remains s t a t i o n a r y  w h i l e  t he  s p r i n g  2 i s  compresed 
by t h e  displacement o f  t h e  p r e s s u r e  d i s c  7. As t h e  pressure on the 
p i s t o n  dec reaszs ,  t h e  s p r i n g  2 d i s p l a c e s  t h e  clamp 4 and t h e  rod 6 
coupled w i t h  I t  ( t o  t h e  l e f t  i n  t h e  f i g u r e ) .  When t h e  b rake  d i s c  
wear becomes such t h a t  t h e  p r e s s u r e  d i s c  must d i s p l a c e  by a magnitude 
S1 > S, i n  oi-der t c  'T-ing t h e  d i s c s  t o g e t h e r ,  t h e  clamp 4 c o n t a c t s  
t h e  cover  5 and t h .  2od 6 ,  overcoming t h e  f r i c t i o n  f o r c e ,  d i s p l a c e s  
by some d i s t a n c e  r e l a t i v e  t o  t n e  clamp 4 .  We n 3 t e  t h a t  t h e  f r i c t i o n  
f o r c e ,  which holds  t h e  rod r e l a t i v e  t o  t h e  clamp 4 ,  must  n a t u r a l l y  
be g r e a t e r  t han  t h e  compression f o r c e  of t h e  s p r i n g  2 and must  not  
change du r ing  ope ra t ion .  Reduction of  t h e  f r i c t i o n  f o r c e  leads 
t o  maladjustment of t h e  b r a k e  release u n i t ,  w h i l e  excess ive  i n c r e a s e  
of t h e  f r i c t i o n  f o r c e  leads t o  r educ t ion  o f  t h e  brak ing  moment as 
t h e  b r a k e  d i s c s  wear. 
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Figure  4 . 1 4 .  S e c t i o n a l  cermet Figure  4.15. S e c t i o n a l  cermet 
disc  on r i n g .  d i sc  on carcass. 
1- r i n g ;  2- s e c t o r ;  3- steel  1- ca rcas s ;  2- s e c t o r ;  3- 
p l a t e .  bushing; 4- r i v e t .  

C e r m e t  and b i m e t t l l i c  d i s c s  are used as t h e  f r i c t i o n  element3 
I n  wheel b rakes .  I n  cons t ruc t ion ,  t hey  may be e i the r  monol i th ic  
o r  b - l i l t  up f r o n  i n d i v i d u a l  s e c t i o n s .  The choice  o f  t h e  p a r t i c u l a r  
c o n s t r u c t i o n  depends p r i m a r i l y  on brake  o p e r a t i n g  c o n d i t i o n s  and 
r e q u i r e d  b rake  s e r v i c e  l i f e .  

S e c t i o n a l  c o n s t r u c t i o n  o f  t h e  d i s c s  on e i ther  a r i n g  o r  c a r c a s s  
pe rmi t s  t h e  b r a k e s  t o  func t ion  w i t h  very h igh  s p e c i f i c  energy loadings .  
The h igh  d i s c  tempera tures ,  r each ing  500' C d u r i n g  braking ,  cause 
high temperat:!.-.e stresses i n  t h e  d i s c s  and, as a consequence, defor -  
mations i n  t h e  i n d i v i d u a l  e lements .  I n  t h i s  regard, s e c t i o n a l  
d i s c s  are be t te r  than  cont inuous cermet and b i m e t a l l i c  t y p e s .  The 
bu i l t -up  s e c t i c n  cermet d i s c  and r i n g  c o n s t r u c t i o n  usua l ly  c o n s i s t s  
of a cont inuous r i n g  1 w i t h  a s e t  o f  s e c t o r s  2 r i v e t e d  or: bo th  sides 
(F igu re  4 . 1 4 ) .  Each h a l f  o f  t h e  s e c t o r  2 i s  a s tee l  p l a t e  3 of t h e  
r equ i r ed  conf igu ra t ion ,  t o  which a cermet l a y e r  i s  s i n t e r e d .  Each 
s e c t o r  ( o r  every o t h e r  s e c t o r )  i s  coupled w i t h  t h e  r i n g  by a s teel  
shaf t  which a l s o  takes part of  t h e  l oad  a c t i n g  on t h e  s e c t o r  du r ing  
braking .  

/78 

The c a r c a s s  t y p e  d i s c  c o n s t r u c t i o n  c o n s i s t s  of  t h e  s tee l  c a r c a s s  
1, having r a d i a l  s l o t s ,  and t h e  bushings 3 (F igu re  4.15) .  The cerm?t  
s e c t o r s  2 ( s t e e l  p la tes  w i t h  cermet s i n t e r e d  t o  t h e i r  s u r f a c e )  are 
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a t t a c h . d  i n  pairs on t h e  ca rcas s  by t h e  r i v e t s  4. After assembly 
on the  carcass, each cermet s e c t o r  must have some free displacement 
(free p l a y )  i n  t h e  f r i c t i o n  p lane  r e l a t i v e  t o  t h e  steel c a r c a s s .  

Usually high a l l o y  o r  high temperature  s teel  is used For t h e  
cermet disc  carcasses. Continuous discs w i t h  cermet s i n t e r e d  on 
them are used i n  c e r t a i n  brake designs. 



CHAPTER 5 

AIRCRAFT TIRES 

1. Basic  C h a r a c t e r i s t i c s  of T i r e s  

The shock absorb ing  and load  c a r r y i n g  capactcy o f  t i res  depends 
on t h e i r  geometric dimensions,  i n t e r n a l  press ' , re ,  and s t r u c t u r a l  
s t i f f n e s s .  These p r o p e r t i e s  are c h a r a c t e r i z e d  b y  t h e  curves  of  
radial  load  Pr on the  wheel v e r s u s  t i r e  d e f l e c t i o n  6def.  

d e f l e c t i o n  curves  f o r  d i f f e r e n t  t i r e  p r e s s u r e s  are shown i n  F igure  
5.1. There are s e v e r a l  c h a r a c t e r i s t i c  p o i n t s  on the  d e f l e c t i o n  
curve:  dS t  def i s  t h e  t i r e  d e f l e c t i o n  corresponding t o  the s t a t i c  

radial  load  Pst on t n e  wheel w i t h  t h e  a i r p l a n e  parked and i s  u s u a l l y  

equa l  t o  30 - 35% of t h e  t o t a l  d e f l e c t i o n ;  G t o t  def i s  the  t o t a l  

d e f l e c t i o n  (see Figure  5.3) corresponding t o  t h e  t o t a l  radial  load  

'tot; &a def  
t h e  maximal  a l lowable  rad ia l  load  Pa and u s u a l l y  equal  t o  95% o f  t h e  

t o t a l  d e f l e c t i o n ;  d b u r  aef i s  t h e  d e f l e c t i o n  corresponding t o  t h e  

b u r s t i n g  load  Pbur a t  which t h e  t i r e  may b u r s t .  

Typica l  

i s  t h e  maximal a l lowable  d e f l e c t i o n  corresponding t o  

For nose wheels, i n  a d d i t i o n  t o  t h e  s t a t i c  load  Pst Ling on 

a c t i n g  du r ing  
dY n them, we a l s o  s p e c i f y  t h e  a i r p l a n e  dynamic load  P 

braking.  I n  t h i s  c a s e ,  t h e  t i r e  d e f l e c t i o n  should be :  
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def 

‘I . 

I 8 J  

Figure  5.1. T i r e  d e f l e c t  i o n  F igure  5.2. I l l u s t r a t i o n  f o r  
diagram. de termining  c o n t a c t  area f o r  

t i r e  o f  c i r c u l a r  p r o f i l e .  

- 
6a def ‘5. 0 * 5 6 t o t  def’ 

The b a s i c  t i r e  c h a r a c t e r i s t i c s  are: s u p p o r t i n g  s u r f a c e  area P, /A 
radial load  Pr, and magnitude o f  t he  work A d u r i n g  def lect ion.  

As a r u l e ,  these c h a r a c t e r i s t i c s  are determined exper imenta l ly  
by s t a t i c  o r  dynamic d c f l e c t i o n  of  t h e  t i r e  on a press o r  impact 
tester.  However, i n  wheel o r  t i r e  des ign ,  t h e  necessi+-.y f o r  deter- 
mining these t i r e  c h a r a c t e r i s t i c s  by c a l c u l a t i o n  arises i n  c - r t a i n  
c a s e s .  

Determination o f  Tire  Suppor t ing  Surface  Area 

We c&n cons ide r  w i t h  accuracy adequate f o r  p r a c t J c a 1  purposes 
t h a t ,  f o r  a t i r e  o f  c i r c u l a r  c r o s s  s e c t i o n ,  t h e  supp r t i n g  s u r f a c e  i s  
an e l l i p se  w i t h  semlaxes y and z (F igure  5 . 2 ) .  The magnitudes of 
t h e  semlaxes y and z depend on t h e  t i r e  degree o f  d e f l e c t i o n  6r  

under rad ia l  load.  The t h e o r e t i c a l  t i r e  support1r.g s u r f a c e  area i s  

Fth = knyz ,  (5.1) 
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TABLE 5.1, 
Actual P r i n t  Theoret ical-  Cor rec t ion  

area f a c t w  
Ft k 

width  

a r e a  

*Commas i n  numbers i n d l c a t e  decimal p o i n t s .  

where k i s  a c o r r e c t i o n  f a c t o r  which is t h e  r a t i o  of t h e  a c t u a l  
con tac t  area Fac t o  the  t h e o r e t i c a l  area Fth,  c a l c u l a t e d  f o r  an 

e l l i p s e  w i t h  t h e  same axes. 

According t o  t h e  exper imenta l  data, f o r  t ires o f  c i r c u l a r  ( o r  
n e a r l y  so) p r o f i l e ,  t h e  f a c t o r  k v a r i e s  from 1 . 0 3  t o  1 . 1 4  (1 .08  can 
be taken  as the  average va lue  of k). 

Tab le  5.1 p r e s e n t s  t h e  a c t u a l  and t h e o r e t i c a l  contacl, areas fGr 
Sovie t  tires f o r  6st def.  

The va lues  of  y and z are found 

U t o t  def 

from the  e m p i r i c a l  formulas 

Otot def 

z i s  t h e  semi-major axis of the - t o t  def wh-re r f  = 0.94 h M t o t  def 

suppor t ing  con tac t  area e l : l  Ise w i t h  complete t i r e  d e f l e c t l o ? ;  5 I s  

t h e  l i n e a r  dimension between t h e  r i m  f l ange  and t h e  po in t  bounding 
t h e  ax ia l  t r a n s v e r s e  dimension o f  t h e  con tac t  area w i t h  cc  .iplete 
d e f l e c t i o n  (F igu re  5.31, which depends on t h e  t i r e  sider;:11 s t i f f n e s s  
and i t s  geometr ica l  dimensions 

/A 
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E 

Figure 5.3. Schematic of t i r e  deformation du r ing  d e l l c c t i o n .  

Here Z e  = Z o  - 91 is t he  l eng th  o f  a c losed  t i r e  element of  

wid th  dz c u t  out i n  t h e  v e r t i c a l  d i r e c t i o n  (see Figu-2 5 .2)  and 
Z o  * (d /2>a ,  and t h e  ang le  a ( I n  r a d i a n s )  i s  found from t h e  equa t ion  

cosa=' l -  2 6 t o t  def 
d 

With account f o r  t h e  formulas f o r  y and z ,  t h e  t h e o r e t i c a l  t i r e  - /82 
c o r t a c t  a r e a  w i l l  be  

Determination of Aliowable Rddial  Load on T i r e  

The r a d i a l  load  experienced by  a t i r e  I s  

= F P  (5 .3 )  
pP ' a t i t  th e x  

where pex  is  t h e  excesF preaaixt!  I n  t h e  t i r e ;  cs  tit  I s  the  t i r e  a t i f f -  

ness  c o e f f i c i e n t .  (It has been found exper imenta l ly  tha t ,  on t h e  
average ,  

load  on t h e  t i r e ) .  

- 1 . 1 2 ,  1 . e . .  the  stiffness i s  about 12% of t h e  radial  Cs t i t  
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p1 is the abao lu te  tire pressure referred to  atmospheric pressure; 
po is the absolube  initial tire pres8ure; and Vo is the I n i t i a l  tire 

air volume 

here D1 I s  the  wheel rlm dlsreter, dl I s  the average tire cross 

s e c t i o n  diameter based on the average tire w a l l  thickness (dl = d - 
I 261)- 

- 
Approximately, the i n i t i a l  t i re  volume 

Ve= l M ( D - a e  

where D I s  t h e  tire o u t e r  dlaaeter. 

S u b s t i t u t i n g  the expres s ions  found for Ft. and pe, i n t o  ( 5 0 3 ) ~  
w e  obtain 

For small changes of the t i re  air volume and comparatively high 
2 I n i t i a l  p r e s s u r e s  (more than 3kgfJcrn ), t a k i n g  p t 0  2 po and p: 

we o b t a i n  
p, 

where po I s  t he  I n t e r n a l  tire pres su re .  



The radlal losd tor complete deflection, i.e., for 6 - 

fktemiriaSion of Pressure Peree Uosk During 'pin Deflection 

The pressure force mark durlng tire d e f l e e t i o n . f %  faund by 
p l m t r y  of the 8Beded area Betat~ded-by the .def leethn e- 

'r( 'der) 
abseirsa -8, a8 shown in Figure 5.1. 

censtmeted experimentally ar fior (5.81, and the 

The shaded area.is the work *A for i n t e r n a l  tire pressuli-e po 
and complete tire deflection dtot def' 

Ana ly t i ca l ly ,  t h i s  work can be determined approrimPately from 
the formula 

where D and B are the t i r e  dlmensions (diameter and width). 

In f luence  of Nature of Action of Load Applied t o  T i r e  on 
Deflect ion Work 

I n  the case  of s t a t i c  t i r e  d e f l e c t i o n  wi th  the a i r p l a n e  parked, 
the a l r  i n  the t i r e  i s  compressed i so the rma l ly ,  while du r ing  
a i r p l a q e  landing ,  when colnplete d e f l e c t i o n  takes place i n  0.1 - 
0.3 seconds, the air i. compressed a d i a b a t i c a l l y .  

We assme t h e  change of the  t h e o r e t i c a l  c o n t a c t  area Fth as a 

funct fon  o f  d e f l e c t i o n  magnitude t o  be the  same f o r  s t a t i c  and 
dynamic a 2 t i o n  of the load  on the  t i r e .  Then, n e g l e c t i n g  the 
a c t i o n  of the t i r e  I n e r t i a  f o r c e s  for the  dynamic (Pdyn) and s t a t i c  

* (Pst) loa36, ne ob ta in :  



'd yn = CsFthPadi 

'st CsFthPex; 

'ad 
'ex 

kl = - 

44;+ G-l  
P,n- 1' 

? 

Takingkl  = n Oo4 'J  where n = v0/v is the degree of a i r  

compression i n  the  tire, we o b t a i n  

pst  - 4 - 1 
P dYn = klPst =k+p,-, 

The compression work f o r  a dynamic load 

Adyn k2Ast J 

where 

4*- I *"- 1 - &=2,46 ? Inn 
4 = b; + py, - 

0 s  

Considering t h a t  t h e  degree of a i r  compression i n  t i r e s  n can 
vary from 1 t o  2 ,  w i t h  adequate degree of  accuracy we o b t a i n  

kr = 0.3% + 0.65. br = 0,Ib + OB; kr = 0.41n +'0,59 

Stud ies  and c a l c u l a t i o n s  have shown tha t  i n f l u e n c e  of  t h e  
dynamic na tu re  of t h e  load a c t i o n  is  not  very g r e a t  and the  inc re -  
ment of  t he  f o r c e  Pr does not  exceed 10 - 15%. 

p a r t i c u l a r l y  unfavorable cases ,  f o r  example, dur ing  hard a i r p l a n e  
landing,  t h i s  f o r c e  a?ong w i t h  t h e  pressure i n  t h e  t i r e  may i n c r e a s e  

However, i n  

by 25 - 30%. 



2. Aircraft T i r e  Cons t ruc t ion  

Figure 5.4. Construct ion o f  
tube type (a) and tubeless ( b )  
tires . 
1- tread; 2- breaker; 3- body; 
4- cha f ing  s t r ip ;  5- inner tube ;  
6- valve; 7- s t i f f e n i n g  r i n g ;  
8- rubber  l a y e r  . 

The m u l t i l a y e r  t i re  body i s  

A t  the p resen t  t i m e ,  both 
tube  type and t u b e l e s s  tires are 
used on airplanes (Figure 5.4). 

The t u b e l e s s  t i r e  c o n s i s t s  
o f  the  body 3, s t i f f e n i n g  r i n g s  
7, breaker 2, and tread 1. The 
tube  t ire has, i n  a d d i t i o n ,  the  
inne r tube  5 with va lve  6 and 
cha f ing  s t r i p  4. 

For complete herare t ic i ty ,  
the  t u b e l e s s  t i re  has an  addi- 
t i o n a l  rubber  s e a l i n g  l a y e r  8. 

fabricated frcm c o t t o n  or  kapron 
cord. S t i f f e n i n g  r i n g s  made from speeial w i r e  are b u i l t  i n t o  the 
bead i n  o r d e r  t o  i n c r e a s e  t h e  s t i f f n e s s .  The body i s  r e i n f o r c e d  
by the breaker - a rubber  layer over  which the  tread 1 is laid. 

Various materials are used f o r  the  t i r e  body, depending on the 

ope ra t ing  condi t ions .  I n  those cases when t h e  o p e r a t i n g  temperature  
range is *55O C and t h e  t i r e  temperature  r ise a f te r  braking  does not  
exceed +looo C a t  t h e  po in t  o f  t i r e  con tac t  w i t h  the  wheel drum, 
co t ton  cord and convent ional  non-heat-resis t ing rubber  are g e n e r a l l y  
used f o r  t h e  body. Kapron cord and h e a t - r e s i s t a n t  rubbers  are used 
t o  inc rease  t h e  t i r e  heat r e s i s t a n c e .  

I n  t i r e  design,  we must cons ider  t h a t ,  i n  t h e  event  of 
excessive hea t ing ,  t he  excess ive  p re s su re  In t h e  t i r e  must sometimes 
be r e l i e v e d  through s p e c i a l  s a f e t y  valves  In o r d e r  t o  avoid t i re  
bur s t ing .  







Figure 5.8. Basic t i r e  
geometr ic  dimensions. 

High 

Superhigh 

p res su re  

pressure  

The r a t i o  of  p r o f i l e  height 
H t o  r a d i u s  R i s  c h a r a c t e r i z e d  
by t h e  p r o f i l e  r e l a t i v e  height 
c o e f f i c i e n t  K2 = H/R, and the 

r a t i o  of  width B t o  o u t e r  diameter 
D i s  c h a r a c t e r i z e d  by t h e  p r o f i l e  
r e l a t i v e  width c o e f f i c i e n t  

6.5 - 10 
1 C  - 13.5 

Table 5.2 p r e s e n t s  t h e  
average prof i le  parameter 

c o e f f i c i e n t s  K1, K2, and K3 f o r  s e v e r a l  Sovie t  t i r e  types i n  a g iven  

ral.ge of  a i r p l a n e  takeoff  and landing  speeds. 

TABLE 5 .2  
L I I I Operating 

Group T i r e  group p res su re  
No. 

I 

I1 

I11 

IV 

c l a s s i f i c a t i o n  range i n  
I kG/cm2 

P r o f i l e  parameter 
c o e f f i c i e n t  

1.18 

1.44 

1.13 

1.09 

H 
K Z - 7  

0.63 

0.5 

0.55 

0.47 

n K r D ,  

0.36 

0.36 

0.32 

0.26 

__ 

Airplane 
t akeof f  and 
landing  speed 

i n  km/hour 

No more than  200 

No more than  250 

Over 250 

Over 300 

According t o  t h e  data of Table 5.2, airplane speed is no more 
than 200 km/hr f o r  ul t ra- low p res su re  t ires and no more t h a n  250 
km/hr f o r  low pressure  tires. High p res su re  o r  u l t r a -h igh  p res su re  
tires are used when the a i r p l a n e  speed exceeds 250 km/hr. This i s  
expla ined  by t h e  f a c t  t ha t ,  w i th  i n c r e a s e  o f  t h e  a i r p l a n e  speed, 
t h e  c e n t r i f u g a l  fo rces  i n  the  t i r e  s t r u c t u r a l  e lements  i nc rease .  
The e f f e c t  o f  t h e s e  f o r c e s  can b e  compensated by inc rease  of  t h e  
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T i r e  s i z e  
i n  inches  

35x11,s 
4lxW 
soxm 

*Commas i n  numbers i n d i c a t e  decimal p o i n t s .  

T i r e  s i z e  po i n  H K~ = K~ = '  K~ = v i n  

3 8 0 2 3 0  1,s 0,s 0.36 t o  250 
458 2B1 I ,#  0 , s  0 . s  t o  250 

o m  t o  250 

Dl i n  

508 jel I lDJf 

i n  mm kG/cm2 i n  mm B/H H/R B/D1 W h r  

1oIoxJ(rt 11 
1210x510 905 

SiOXZsp O D 5  

t i r e  i n t e r n a l  pressure, reducing  the number of  layers i n  the t i r e  
body, reducing tread th i ckness ,  and a l s o  by chan1:ing the  t i r e  prof i le  
geometry . 

With regard t o  cons t ruc t ion ,  the  t i res  o f  group I i n  the  table 
are of the ba l loon  o r  semi-balloon t y p e ,  the  tires of  group I1 are 
o f  t h e  arched type. The t h i r d  and f o u r t h  groups a re - the  t i res  of 
c i r c u l a r  p r o f i l e ,  having t h e  highest " c i r c u l a r i t y . "  

We see from t h e  data o f  Table 5 . 2  t ha t ,  w i th  i n t e r n a l  p r e s s u r e  
i n c r e a s e ,  the  t i r e  c r o s s  s e c t i o n  becomes more n e a r l y  c i r c u l a r  (K1) 

w i t h  simultaneous decrease of t he  p r o f i l e  r e l a t i v e  height (K2) and 

r e l a t i v e  width (K3). Exceptions art t h e  low p res su re  t i r e s  o f  t h e  

arched type ,  f o r  which the average va lue  of K1 is  1.44.  

I n  r ecen t  t i m e s ,  wide p r o f i l e  tires wi th  high pressure, f o r  
which the  r a t i o  K1 > 1.25, have 3egun t o  be used i n  connect ion w i t h  

t he  requirements f o r  i n c r e a s l n g  a i r p l a n e  f l o t a t i o n  on the ground. 

Table 5 .3  p r e s e n t s  the b a s i c  geometric and speed parameters 
of  American t i r e s .  

During t h e  l as t  decadc t i r e  devclopment has been c h a r a c t e r i z e d  
by inc rease  of t h e  loads  a c t i n g  on t h z  t i r e s  and r educ t ion  of the 
t i r e  dimensions (Table 5 . 4 ) .  
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TABLE 5.4 

Douglas 
DC-6 

Airplane data and t i r e  
characterist ics Boeing 

707 
Maximum t a k e o f f  speed i n  Whr 
Maximum t i r e  l o a d  i n  t o n s  
T i r e  des igna t  i o n  
A i r  p r e s s u r e  i n  kG/cm 

2 Contact e l l ipse area i n  cm 
Foo tp r in t  p r e s s u r e  i n  kG/cm 

2 

2 

Airplane data and t i r e  
c h a r a c t e r i s t i c s  

- 
Aimlane 

Douglas 

145 
DC-3 

7.26 
17.00 - 16 

4.2 

4.4 
1632 

TABLE 5.5 

36 2 
17 37 

46 - 1 6  
12.9 

1342 
12.9 

I 

Maximum t a k e o f f  speed i n  km/hr 
T i r e  designat i o n  

Sonvai r  
340 & 440 

193 

*plane 
T r i d e n t  
1c 
312 

NAA 
F-86 
322 

Maximum t i r e  load  i n  t o n s  I 5.810 I 5.990 I 6.260 
A i r  p r e s s u r e  i n  kG/cm2 

2 Contact e l l i p s e  area i n  cm 
Foo tp r in t  p r e s s u r e  i n  kG/cm 2 

5.2 

5.7 
1013 

9.4 

9.8 
613 

1 6 . 1  
413 

15 .1  

The data o f  Tab le  5.4 show t h a t ,  w i t h  i n c r e a s e  of  the  t i r e  l o a d  
c a p a c i t y  and airplane t a k e o f f  speed, t h e  a i r  pressure i n  t h e  tires 
i n c r e a s e s .  S ince  t h e  c o n t a c t  e l l i p se  area i s  approximately t h e  samc 
f o r  a l l  the  t ires compared, it i s  obvious that  the s p e c i f l e  p r e s s u r e  
on the  tifie tread Lcreases a t  the  same tine. I n  t h i s  regard, t h e  
t i r e s  desfgned f o r  approximately the  same maximal load ing  o f  600Q kG 
are c h a r a c t e r i s t i c  (Table  5 .5) .  
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We see from t h e  t ab le  t h a t  each succeeding t i r e  d i f f e r s  from - 190 
t h e  preceding  t i r e ,  no t  only I n  i n c r e a s e  o f  t h e  t a k e o f f  speed and 
i n t e r n a l  p r e s s u r e ,  bu t  a l s o  i n  cons ide rab le  r e d u c t i o n  of the p r o f i l e  
and o u t e r  diameter. Reduction o f  t h e  o v e r a l l  t i r e  dimensions has 
had a aarked In f luence  on t h e  con tac t  e l l i p s e  area and, consequent ly ,  
on t h e  tread s p e c i f i c  p r e s s u r e .  Bearing i n  mind t h a t ,  w i t h  r e d u c t i o n  
of t h e  t i r e  dimensions,  t he  tread l e n g t h  and volume decrease, t h e  



airplane  speed, h / h r  

r e d u c t i o n  of  t h e  29 x 7.7 t i r e  
wervice l i f e ,  i n  comparison with 
t h e  12.50 - 16 and 34 x 9.50 - 
18 t i r e s ,  becomes q u i t e  
unders tandable .  

Reduction o f  t i r e  s e r v i c e  
l i f e  not  only compl ica tes  opera- 
t i o n s ,  but  a l s o  leads t o  high 

Figure  5.9. F r i c t i o n  c o e f f i c i e n t  c o s t s .  Thus, accord ing  t o  t h e  
f o r  v a r i o u s  tires. 
1- made from standard rubber ;  
2- made from "High ut' rubbe r .  

f o r e i g n  press, American A i r l i n e s  
spends more t h a n  one m i l l i o n  
d o l l a r s  a year f o r  707/720 

F -  

a i r p l a n e  t i r e s ,  600,000 d o l l a r s  f o r  i t s  Convair 990 a i r p l a n e s ,  and 
about l 5 O , O O O  d o l l a r s  f o r  p i s t o n  engine a i r p l a n e s .  The t o t a l  expenses 
a s s o c i a t e d  w i t h  t i r e s  amounts t o  1,750,000 d o l l a r s .  The c o s t s  p e r  
l and ing  f o r  t h e  CV 240 are one d o l l a r ,  f o r  t h e  Convair 990 - 17 
d o l l a r s ,  m d  f o r  t h e  707-323C cargo a i r p l a n e  - 25 d o l l a r s .  

The requi rements  wi th  regard t o  s a f e t y  and b rak ing  e f f e c t i v e n e s s  
i n c r e a s e  wi th  i n c r e a s e  of t h e  airplar;,? t a k e o f f  and l a n d i n g  speeds. 
S ince  b rak ing  e f f e c t i v e n e s s  depends on the  magnitude o f  t he  c o e f f i -  
c i e n t  of  t i r e  t r a c t i o n  wi th  the  airdrome s u r f a c e ,  t h i s  parameter 
r e c e i v e s  p a r t i c u l a r  a t t e n t i o n  i n  t i r e  des ign .  

Numerous s t u d i e s  have shown t h a t  wheel motion s t a b i l i t y  and 
t i r e  t r a c t i o n  depend on t h e  t read p a t t e r n .  

We noted i n  Chapter 2 t h a t ,  f o r  a i rc raf t  t i res ,  t h e  p a t t e r n  i n  
t h e  form of broad l o n g i t u d i n a l  r idges a l t e r n a t i n g  w i t h  narrow grooves 
i s  most widely used, and w i t h  h c r e a s e  of  t h e  r i d g e  wid th ,  t he  
groove depth  i n c r e a s e s .  

New rubber  t y p e s  are be ing  used t o  i n c r e a s e  t h e  t i r e  t r a c t i o n  
c o e f f i c i e n t .  Thus, i n  t h e  s y n t h e t i c  f o r e i g n  rubber  of t h e  "High pt l  

t ype ,  the t r a c t i o n  ( f r i c t i o n )  c o e f f i c i e t i t  exceeds the f r i c t i o n  
coefficient of the  s t anda rd  t y p e s  of rubber .  The dependence of  t h i s  /gl 
coefriCtant on speed I s  shown I n  F igure  5.9. 
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The b a s i c  Sovie t  t i r e  c h a r a c t e r i s t i c s  necessary  f o r  t i r e  
c a l c u l a t i o n s  and s e l e c t i o n  are presented  i n  Table  5.6. 

T i r e  s i z e  v G 
A,na knJhr kG 

in 6 'ma' Pst 'ma 
kG/cm2 dm kG kG kG/m 

Semi-balloon t i res  
. mxo mxlI 
101)XlYI 
(lox210 

' Woxm mx1m 
501iX185 mx1o 
6tW250 #IOxm 
9ooxm mxw 

3,s 
3,s 
4 
3.5 
3.5 
2.5 
2,a 
4.5 
2.5 . 4.5 
.4,5 
3,8 

#lox 180 mxw, 
81oXr)o 
a60X350 
1100x400 
1uOx520 

32 
65 
99 
115 
64 
08 
106 
104 
159 
165 

11,s 
18,s 
30 
28 
20 
23 
26 
#) 
46 
52 
58 
78 

6 2 5 7 7  1300 4050 
50 1n 3150 7500 
48 140 am ~ ~ O O O  

4.5 

58 186 4800 13300 
5.2 

58 180 7900 24400 5 J  
100 276 14300 38800 

685 
5,s 

121; w) 
410 100 
660 140 
1200 le0 
1840 230 
45oom 

165 
'370 
925 
1WO 
575 
4m 
630 
810 
1300 
2- 
3830 
6000 

9 2 9 0 2 9 0  
387 
749 
1010 
1000 
2270430 

165 
1340 
3000 
4500 
le00 
1%00 
2550 
4500 
4 470 
8900 
12 300 
m800 

300 
3(r? 
385 
420 

6 
s6 
130 
200 
50 
60 
140 
200 
315 
610 
1Q50 
2600 

smx 140 mx 155 
WX200 
#rOX200 
W X m ,  

110x290 

160 
Po 
200 
165 
165 

106 
200 
125 
le0 
le0 
125 

idm 

20 
42 
39 
69 
58 
80 

85 
107 
132 
176 
197 
305 

1200 
3600 
4200 
7720 
9500 
2oooo 

Superhigh pressure t i r e s  

10,s 
10.5 
12 
12 
13,5 
13,s 

86 
97 
112 
122 
111 
159 

2600 
2300 
4 *No 
S I 0 0  
7600 

llOOO0 

5250 
9300 
14 2W 
24 OOO 
32ooo . 
6801w, 

190 
430 
800 
1740 

1 2 8 8 0  
8900 

uo 
315 
m 
%c 
300 
300 

( c i r c u l a r  p r o f i l e )  

I 

1.1 
3.5 
5 
9 
6 
7 
10 * 

10 
16 
15 
5 
80 

7.5 
16,5 
28 
37 
62 
130 

9 
15 
P 
35 
67 

180 

9 

15.3 
23.5 
27.8 
71.5 

9D3 

*Commas i n  t h e  numbers i n d i c a t e  decilnal p o i n t s .  
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CHAPTER 6 

FRICTION AND CONSTRUCTION MATERIALS FOR BRAKES AND WHEELS 

1. Materials f o r  Brake F r i c t i o n  Pairs  

The s p e c i f i c  b rake  o p e r a t i n g  c o n d i t i o n s  have r e q u i r e d  t h e  use  
f o r  f r i c t i o n  e l sments  of  spec ia l  materials having special f r i c 2 l o n  
character is t ics .  Actua l ly ,  du r ing  wheel brak ing ,  the  brake elemel 
are sub jec t ed  t o  h e a t i n g  similar t o  thermal shock. The high s l ic t inL 
v e l o c i t i e s  (up t o  30 m/sec) and the  high s p e c i f i c  p r e s s u r e s  (up  t o  
10  kG/cm f o r  m u l t i d i s c  brakes and up t o  30 kG/cm2 f o r  s i n g l e  d i s c  
brakes) on t h e  f r i c t i o n  s u r f a c e s  o f  t h e  f r i c t i o n  pairs and the  high 

s p e c i f i c  b rak ing  work va lues  complicate  both  the  s e l e c t i o n  of  f r i c t i o n  
materials from the  a v a i l a b l e  t y p e s  and t h e  s e a r c h  f o r  new and 
improved materials. A t  t h e  same time, t h e  f r i c t i o n  materials must 
ensure  s t a b i l i t y  of the  b a s i c  c h a r a c t e r i s t i c s  ( f r i c t i o n  c o e f f i c i e n t ,  
wear r e s i s t a n c e ,  f r i c t i o n a l  thermal s t a b i l i t y ,  and mechanical s t r e n g t h )  
throughout t he  b rak ing  process .  

2 

The f r i c t i o n  material c h a r a c t e r i s t i c s  depend on a whole series 
of f a c t o r s .  For  example, t h e  f r i c t ' o n  C o e f f i c i e n t  depends on t h e  
p h y s i c a l  and chemical p r o p e r t i e s  of  the  brake f r i c t i o n  pa i r  materials, 
tempera ture  of the  rubbing  s u r f a c e s ,  r e l a t i v e  s l i d - n g  v e l o c i t y  of 
t h e  f r i c t i o n  p a i r ,  and t h e  magnitude of t h e  s p e c i f i c  p r e s s u r e  on 
t h i s  p a i r ,  and the presence  of l u b r i c a n t  on the  rubbing  s u r f a c e s .  

1 0 1  



Figure 6.1.  Schematic of f a c i l i t y  f o r  s tudying  f r i c t i o n  material 
p r o p e r t i e s  . 
1- hydrau l i c  motor; 2- mechanical speed reducer ;  3- c l u t c h ;  4- 
small f lywheels ;  5- a f t  support ;  6- shaft ;  7- large f lywheels .  
8- forward suppor t ;  9- t e s t  material specimen ho lde r ;  10- a d j u s t -  
ab le  maqdrel; 11- p r e s s u r e  c y l i n d e r ;  12- brake moment r eco rde r ;  
13- hydrau l i c  aynamometer; 14- l e v e r ;  15- frame; 16- e l e c t r i c  
motor; 17- hydrau l i c  pump; 18- hydrau l i c  f l * i i d  tank .  

The p h y s i c a l  and mechafiical p r o p e r t i e s  of  t he  f r i c t i o n  materials 
and t h e i r  c h a r a c t e r i s t ' i c s  are s t u d i e d  ori s p e c i a l  f a c i l i t i e s .  Orie 
such f a c i l i t y  i s  t h e  ~.4-58 f r i c t i o n  machine shown i n  F igure  6.1,  
which L T u l a t e s  a c t u a l  brake o p e r a t i n g  cond i t ions  i n  r ega rd  t o  
s l i d i n g  v e l o c i t y ,  s p e c i f i c  p re s su re  on t h e  con tac t  s u r f a c e s ,  and 
braking  time . 

The t e s t  material specimens of  s p e c i a l  form are mounted i n  t h e  
ho lde r s  9. Depending on t h e  L ; e s t  regime, t h e  f lywheels  11 o r  7 ,  w i t h  
moments of i n e r t i a  o f  a d e f i n i t e  magnitude, a r e  s e l e c t e d .  

The speed of  t h e  shaft  6 r equ i r ed  t o  ensure  t h e  desired s l i d i n g  /93 
v e l o c i t y  Vsi i s  e s t a b l i s h e d  by the  speed reducer  2 and t h e  v a r i a b l e  
output  hydrau l i c  pump. Af t e r  a c c e l e r a t i o n ,  t h e  c l u t c h e s  3 release 
t h e  f lywhee l s  and t h e y  r o t a t e  by i n e r t l a .  A t  t h e  same time t h e  
c l u t c h e s  are r e l e a s e d ,  p r e s s u r e  i s  supp l i ed  t o  t h e  p re s su re  c y l i n d e r  
11, which p rcv ides  t h e  r e q u i r e d  s p e c i f i c  p r e s s u r e .  The braking  
moment Which develops on the  f r i c t i o n  s u r f a c e s  du r ing  b rak ing  i s  
transmitted by t h e  l e v e r  1 4  t o  t h e  hydrau l i c  dynamometer 13 and is 
recorded by t h e  r e c o r d e r  12. 
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The mdylitude of the  average f’riction c o e f f i c i e n t  ob ta ined  
dur ing  braking on t h i s  f ac i l i t y  is determined as fol lows.  The 
k i n e t i c  r o t a t i n g  flywheel energy Ak, which is transformed I n t o  heat 
by the f r i c t i o n  elements,  is 

2 
Io b i  

* k = - =  2 “fi av  wbs 

where I is the r o t a t i n g  flywheel moment of I n e r t i a ;  

v e l o c i t y  at which braking  begins;  PIfi av is the average braking  

moment c r e a t e d  by the f r i c t i o n  elements;  ab is the  braking  d i s t a n c e  
i n  rad ians .  

is t h e  angular  

The average braking  moment 

- Dav 
%r av - favPspFt 2 s 

- 194 

where fav is the average f r i c t i o n  c o e f f i c i e n t ;  psp is t h e  t h e o r e t i c a l  

s p e c i f i c  p re s su re  on the f r i c t i o n  elements;  Ft 

f r i c t i o n  element contac t  area; and Dav I s  t h e  average diameter of 
the  annular  tes t  material specimen. 

is the  t h e o r e t i c a l  

The braking d i s t a n c e  

‘I = -  
cpb = WavTb 2 b  (6.3)  

where rb i s  the braking t ime. 

S u b s t i t u t i n g  t h z  express ions  f0ur.d. from Mfr  av from (6.1) and 

f o r  cpb from (6.3), WE ob ta in  

4klAk 
fav  = psp  F D W T  t av b i  b 

where kl i s  a c o e f f i c i e n t  account ing f o r  t h e  bear ing  f r i c t i o n  losses. 



. 

. -  

Figure 6.2. Experimental  curves  of f r i c t i o n  c o e f f i c i e n t  f ve r sus  
f r i c t i o n  pair s l id ing  v e l o c i t y  (a), con tac t  surface s p e c i f i c  
pressure (b) ,  and temperature (c ) .  

From the B$(fb) curve recorded on t h e  test f a c i l i t y ,  we deter- 

mine the f r i c t i o n  c o e f f i c i e n t  s t a b i l i t y  aSt, which is the r a t i o  of 

t h e  average braking  moment t o  t h e  maximal value 

*fr av  
Mfr max "st = 

The average l i n e a r  specimen wear d u r i n g  a s i n g l e  braking is 
found from t h e  d i f f e r e n c e  o f  the specimen l i n e a r  dimension measure- 
ments before  and af ter  the tests 

where n i s  t h e  number cf braking  cyc le s  performed; and Z J n  is the  

specimen wear i n  n brak ing  cyc le s .  

The experimental  data on t h e  f r i c t i o n  c o e f f i c i e n t  dependence 
on s l i d i n g  v e l o c i t y ,  temperature  r i s e  dur ing  braking,  and s p e c i f i c  
p re s su re  on the  f r i c t i o n  element s u r f a c e s  a r e  shown i n  Figure 6.2.  
The f r i c t i o n  c o e f f i c i e n t  i s  d i f f e r e n t  f o r  t h t  d i f f e r e n t  f r i c t i o n  
m a t e r i a l s  and may vary from 0.18 t o  0.45. 
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Figure 6.3. Braking moment as 
func t ion  of braking  time for two 
wheel brake f r i c t i o n  p a i r  
materials. 
a- i r o n  wi th  p l a s t i c ;  b- i r o n  
w i t h  cermet. 

The d i f f e r e n c e  i n  t h e  brake 
element material p r o p e r t i e s  w i t h  

r e s p s c t  t o  f r i c t i o n  c o e f f i c i e n t  
and i t s  s t a b i l i t y  leaCs t o  
d i f f e r e n t  n a t u r e  of t k e  braking  
moment v a r i a t i o n  as a func t ion  
of braking  t i m e  . 

Figure 6 . 3 .  shows curves  of 
braking  moment versus  brak ing  
t i m e  f o r  f r i c t i o n  p a i r s  w i th  

/95 

p l a s t i c  and cermet working w i t h  i r o n .  Characteristic f o r  the  
f r i c t i o n  p a i r  w i th  cermet i s  i n c r e a s e  of t h e  braking  moment toward 
the  end of the  braking  pe r iod ,  while the p las t ic  t ends  toward 
r educ t ion  of  t he  braking  moment. I n  both  cases ,  the themet ica l  
f r i c t i o n  s u r f a c e  s p e c i f i c  p re s su re  was kept t he  same. The braking  
moment r educ t ion  f o r  t he  f r i c t i o n  p a i r s  w i th  p l a s t i c  i s  expla ined  
by the  marked f r i c t i o n  c o e f f i c i e n t  r educ t ion  wi th  i n c r e a s e  of the  
f r i c t i o n  element temperature ,  which cannot be compensated by reducing  
the  s l i d i n g  v e l o c i t y .  For t h e  f r i c t i o n  p a i r s  w i t h  cermet,  t he  braking  
moment i n c r e a s e s  as a r e s u l t  o f  marked f r i c t i o n  c o e f f i c i e n t  i n c r e a s e  
w i t h  r educ t ion  o f  the  s l i d i n g  v e l o c i t y ,  rrhich exceeds cons iderably  
t h e  f r i c t i o n  c o e f f i c i e n t  r educ t ion  with f r i c t i o n  element temperature  
i n c r e a s e  because of hea t ing .  V a r i a t i o n  of the braking  moment dur ing  

decreases  wi th  reduct ion  of t h e  braking  moment while overloading 
of t h e  brake s y s t e m  takes p lace  wi th  braking moment i n c r e a s e .  

braking is an undes i r ab le  phenomenon, s i n c e  braking  e f f e c t i v e n e s s  - 19 6 

P l a s t i c s  and cermets are t h e  p r imary  m a t e r i a l s  used a t  t h e  
p re sen t  t i m e  f o r  f r i c t i o n  pairs .  P l a s t i c s  are used when the  f r i c t i o n  
element temperature  does not  exceed 350° C ,  and t h e  cermets a r e  used 
a t  temperatures  of 500 - 600° C.  The cermets are composition 
materials f a b r i c a t e d  by powder metal lurgy methods. The cermet charge 
i s  a mechanical mixture of several components. The charge chemical 
composition ( i n  percent  by weight)  of one cermet ve r s ion  i s  



Figure 6.4, V a r i a t i o n  of braking  
moment Mb w i t h  b rak ing  time T f o r  
cermet f r i c t i o n  elements  w i t h  
d i f f e r e n t  carbon content  
1- normal carbon content ;  2- 
reduced carbon content .  

Copper Sand 
1 4  - 16 2 - 4  

. -  

Asbestos Barite Graphite I r o n  
2 - 4  4 - 6  7.5 - 8.5 Rest 

Figure 6.5. Region of  v a r i a t i o n  
of the  f r i c t i c n  c o e f f i e i e n t  f as 
func t ion  o f  s l i d i n g  v e l o c i t y  V 
and f r i c t i o n  con tac t  s u r f a c e  
temperature  r ise t O C .  

After thorough mixing, t h e  chsrge  i s  pressed  i n t o  sector b lanks  
which are s i n t e r e d  at  high temperatures  w i t h  a steel  ca rcas s .  

Since the b a s i c  cermet component is i r o n ,  i t s  f r i c t i o n  proper- 
t i e s  depend t o  a cons iderable  degree on the percentage carbon con ten t .  
With reduct ion  of t h e  carbon con ten t ,  t h e  f r i c t i o n  c o e f f i c i - ? t  
decreases and i t s  s t a b i l i t y  d e t e r i o r a t e s .  
v a r i a t i o n  o f  Mb dur ing  braking  f o r  t h e  same brake vif 
w i t h  d i f f e r e n t  cermet carbon content .  

Figure 6.4 shows the  

cermet l i n i n g  

Figure 6.5 shows the  reg ion  of l i m i t i n g  cermet f r i c t i o n  
c o e f f i c i e n t  va lues  as a func t ion  of s l i d i n g  v e l o c i t y  and f r i c t i o n  
pair  f r i c t i o n  s u r f a c e  temperature .  The wide ly  used f r i c t i o n  cermet /97 
opera t e s  s a t i s f a c t o r i l y  wi th  s l i d i n g  v e l o c i t y  no h igher  t han  30 
m/sec, t h e o r e t i c a l  s p e c i f i c  p re s su re  on the  material no more than  
1 2  kG/cm , and mass average f r i c t i o n  element temperature  up t o  2 

450 - 500' C. 

P l a s t i c s  of  t h e  FK-16L type and cermets can ope ra t e  i n  brakes 
t o g e t h e r  w i th  i r o n  of  chemical composition ( i n  percent  by weight)* 

*Commas i n  numbers i n d i c a t e  decimal p o i n t s .  
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Because of i t s  b r i t t l e n e s s ,  i r o n  cannot be used d i r e c t l y  i n  
the f r i c t f o n  elements;  t h e r e f o r e ,  i t  is bonded t o  s teel  p l a t e s  which 
are then  shaped t o  the desired contour .  

I n  a d d i t i o n  t o  i r o n ,  i n  many c a s e s ,  wide use  is made cf s p e c i a l  
* - r i c t i o n  steels w i t h  high chromium con ten t  ( i n  pe rcen t  by weight):* 

- C' cr I? . s  Ft I 

An impor tan t  f r i c t i o n  material character is t ic  is  i ts  hardness .  
3rake o p e r a t i n g  exper ience  has shown that cermet hardness  should  be 
In t he  limits HFU? 60 - 95, i r o n  HRF' 160 - 220, and s tee l  HRF 200 - 
220. Simple carbon s teel  may be used t o g e t h e r  w i t h  p l a s t i c  as t h e  
f r i c t i o n  material i n  c e r t a i n  brake des igns .  The basic characteris- 
t i c s  of some f o r e i g n  f r i c t i o n  p las t ics  o p e r a t i n g  t o g e t h e r  w i t h  i r o n  
o r  steel  are p resen ted  i n  T a b l e  6.1. 

The c h a r a c t e r i s i t c s  of c e r t a i n  foreign cermet f r i c t i o n  
materials o p e r a t i n g  t o g e t h e r  with s tee l  and i r o n  are given i n  
Tab le  6.2. 

We noted above tha t  t h e  parameters  which determine brake energy 
c a p a c i t y  inc lude :  spec i f i c  heat c a p a c i t y  of  the housing, d i sc ,  and 
r r l c t i o r ,  zlement materials,  maximal a l lowab le  f r i c t i o n  element 
temperature  rise d u r i n g  braking ,  and d i s c  weight. The s p e c i f i c  heat 
capac i ty  o f  t he  housing material used and f r i c t i o n  e lements  v a r i e s  
from 0.:2 t o  0.17 kcal/kG/OC. The a l lowable  mass average temperature  
r i s e  o f  modem f r i c t i o n  pair materials wi th  s i g n i f i c a n t  f r i c t i o n  
p s i r  s e r v i c e  l i f e  (about  500 brake a p p l i c a t i o n s ) ,  u s u a l l y  v a r i e s  i n  
t h e  ran- 400 - 450° C .  

(weig . ; )  heat c a p a c i t y  is one technique  f o r  i n c r e a s i n g  a i rc raf t  wheel 
braKe s p e c i f i c  energy c a p a c i t y .  

Search f o r  new materials w i t h  high s p e c i f i c  /2 

I n c r e a s i n g  a t t e n t i o n  has been devoted i n  r e c e n t  years t o  t h i s  
qut:stion r 'aroad. 
recent:'.y i n  t h e  USA and use  o f  t he  low me l t ing  metals ( l i t h i u m ,  

po;-absium, sodium) has been r epor t ed .  For example, Douglas Aircraft  
nas  proposed the  use of be ry l l i um s e c t o r s  a t t a c h e d  d i r e c t l y  t o  t h e  
brake d i s c s  i n  brake  c o n s t r u c t i o n .  According t o  Douglas, b rake  

d i s c s  w i t h  such s e c t o r s  under normal o p e r a t i n g  cond i t ions  have an 
energy c a p a c i t y  on the order of 40,000 kG/m/kG. The a l lowable  

Use of b e r y l l i s i n  i n  brake systems has been i n i t i a t e d  

*Comas i n  numbers i n d i c a t e  decimal p o i n t s .  



TABLE 6.1 

F r i c t i o n  p a i r  materials 

~ ~~ 

Dunlop p las t ic  - 
Dunlop s teel  

Dunlop p l a s t i c - i r o n  

Ferodo p las t ic - iz#on 

P l a s t i c  X-iron 

F r i c t i o n  p a i r  material: 

Cermet-No. 1 - s t ee l  

Cermet No. 2 - i r o n  

Cermet No. 3 - s tee l  

1 8  

1 8  

24 

1 8  

0.35 

0.38 

0.29 

0.43 

TABLE 6.2 

18 - 20 

18 - 20 
18 - 20 

k 

JJ 
c 
Q, 

C d  
0 0  
d d  
c,k 
V k  

r l Q ,  
L O  
F 4 0  

0.18 

0.35 

0.38 

0.78 

0.72 

0.84 

0.76 

0.9 

0.8 

Material wear per 
brake a p p l i c a t i o n  

I h  i n  mm 

P l a s t i c s  

190 

200 

225 

132 

m 
( i r o n )  

3 

5 

8.7 

8 

Material wear p e r  
brake a p p l i c a t i o n  

i n  mm 
Cermet 

4 . 3  

43 - 80 
25 - 50 

Steel 
( i r o n )  

maximal mass average tempera ture  i n  d i s c s  w i th  such load ing  i s  700° C. 
P rov i s ion  i s  made i n  t h e  b rake  design ( w i t h  t h e  brake dissembled)  

t a c t i n g  s u r f a c e s  du r ing  braking .  I n  ano the r  brake des ign ,  b e r y l l i u m  
i s  used as a f i l l e r  i n  a th in-wal l  s h e l l  having f r i c t i o n a l  p r o p e r t i e s  
(F igure  6 . 6 ) .  
and t o x i c  oxide  formation du r ing  ope ra t ion .  Some de t a i l  brake and 
wheel parts, I n  a d d i t i o n  t o  t h e  brake d i s c  s e c t o r s ,  can a l s o  be 

f a b r i c a t e d  from be ry l l i um.  

f o r  washing o f f  the t o x i c  be ry l l i um oxide which forms on t h e  con- - 19 9 

Such a she l l  w i l l  a l so  prevent  b e r y l l i u m  o x i d a t i o n  
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Figure  6.7. Cons t ruc t ion  o f  
brake disc  f i l l e d  wi th  sodium 

Figure 6.6. Cons t ruc t ion  of  o r  l i t h ium f u s i b l e  heat s i n k .  
1- s h e l l ;  2- heat s ink .  brake with be ry l l i um heat s i n k  

s e c t o r s  designed by Douglas 
Aircraft. 
1- s h e l l ;  2- bery l l ium.  I n c r e a s e  of  brake energy 

f u s i b l e  heat s i n k s ,  f o r  example, l i th ium,  sodium, and potassium. 
F igure  6.7 shows a brake d isc  wi th  sodium o r  l i t h i u m  f u s i b l e  heat 
s i n k  enc losed  i n  a shel l .  During braking ,  the  heat s i n k  is  raised 
t o  a high temperature  and melts. 

c a p a c i t y  can be achieved  by u s i n g  

Use of the heat absorb ing  materials l i s ted  above (be ry l l i um,  
sodium, e t c . )  leads t o  i n c r e a s e  of t h e  wheel brake  strwtiiraf 
volume because o f  t h e  very  low s p e c i f i c  weight of  these materials. 
Therefore ,  f o r  example, when u s i n g  l i t h i u m ,  a brake w i t h  s t r u c t u r a l  
volume about 1.5 times greater t h a n  t ha t  o f  t h e  b r a k e  w i t h  i r o n  heat 
s i n k  i s  r e q u i r e d  f o r  t h e  same energy cpaac i ty .  I n  t h i s  ca se ,  t he  
b rake  must ex tend  beyond the  wheel s t r u c t u r e  (F igure  6.8).  Usual ly ,  
such desirgs are d i f f i c u l t  t o  r e a l i z e  f o r  t h e  a i r c r a f t  wheels used / l o0  
on modern a i r p l a n e s .  Therefore ,  materials w i t h  h igh  s p e c i f i c  heat 
capacity, ( p e r  u n i t  volume) and low s p e c i f i c  weight are necessary  
f o r  high energy c a p a c i t y  brakes. 

The p rospec t s  f o r  t h e  use of  such materials i n  brake  c o n s t r u c t i o n  
can be eva lua ted  from t h e  data p resen ted  i n  F igu re  6.9. We see from 
a n a l y s i s  of these data t h a t ,  f o r  t h e  same energy absorbed by t h e  
brake and the  same temperature  r ise 500° C ,  t he  b e r y l l i u m  o r  l i t h i u m  
brake  d i scs  ( i n  a s h e l l )  w i l l  occupy i n  comparlson w i t h  s tee l  about 
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Figure  6.9. Relative weight (0) 
and relative volume (v) of 
brake packet with cons t an t  energy 
c a p a c i t y  for s e v e r a l  materials. 
1- i r o n ;  2- bery l l ium;  3- 
l i thium; 4- chromium earbide; 
5- zirconium carbide. F igure  6.8. Brake d e s i g n  w i t h  

be ry l l i um heat s ink .  
1- brake disc;  2- e x t e r n a l  
heat accumulator.  1.5 - 1.75 times more s t r u c t u r a l  

volume. The materials y i e l d i n g  
improvement i n  both  weight and volume l i e  i n  t he  shaded zone. Such 
materials inc lude  t h e  carbides of  c e r t a i n  metals. 

2. Wheel S t r u c t u r a l  - Materials 

Aircraft wheels are u s u a i l y  fabricated from magne.sim cr &luminum 
a l l o y s  by c a s t i n g  o r  rorgirrg w i t h  subsequent machining. The wide 
use of magnesium and aluminum alloys for  wheels i s  due t o  t h e i r  low 
s p e c i f i c  weight and comparat ively high mechanical p r o p e r t i e s .  For 
example, magnesium c a s t i n g  a l l o y s  f o r  wheel drums have s t r e - g t h  up 
t o  25 kG/mm and t h e  wrought a l l o y s  have s t r e n g t h  up t o  38 kG/mm . 2 2 

I n  s e l e c t i n g  braked wheel drum material, i t  i s  necessary  t o  
cons ide r  t h a t  t h e  drum must ope ra t e  under c o n d i t i o n s  of  p e r i o d i c  

n o m a 1  temperature .  
/ l o 1  h e a t i n g  du r ing  b rak ing  t o  100 - 120° C wi th  subsequent s o o l i n g  t o  - 

High s t r e n g t h  magnesium c a s t i n g  a l l o y s  based on magnesium- 
zinc-zirconium, f o r  example, t h e  E n g l i s h  a l l o y  Z52, have been used 
r ecen t ly  I n  s e v e r a l  c o u n t r i e s  f o r  wheels. A c h a r a c t e r i s t i c  f e a t u r e  
o f  t h e  magnesium-zirconium based a l l o y s  i s  a h ighe r  y i e l d  l i m i t  and 
good p l a s t i c i t y ,  which makes it  p o s s i b l e  t o  we  them f o r  d e t a i l  
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parts o p e r a t i n g  under r e v e r s i n g  l o a d  cond i t ions .  
p r o p e r t i e s  o f  the new magnesium c a s t i n g  a l l o y s  depend, t o  a consid-  
erable degree, on the z i n c  and zirconium con ten t  i n  the a l l o y s .  The 
highest  s t r e n g t h  o f  t he  Z 5 Z  a l l o y  i s  ob ta ined  wi th  4 - 5% z i n c  and 
0.6 - 1.1% zirconium. According t o  the f o r e i g n  press, t he  Z 5 Z  
a l l o y  i s  recommended f o r  detail  parts o p e r a t i n g  at temperatures 
up t o  +150° C. The a l l o y  is  s u b j e c t e d  t o  s u r f a c e  harden3r.g t o  
i n c r e a s e  t he  s e r v i c e  l i f e  o f  parts fabr: .ated from it  and has satis-  
factcry c o r r o s i o n  r e s i s t a n c e .  The wrought magnesium a l loys  are used 
i n  place of t h e  c a s t i n g  a l l o y s  i f  it i s  necessary  t o  i n c r e a s e  t h e  
s t r e n g t h .  The mechanical properties of one such f o r e i g n  a l l o y  are 
p resen ted  i n  t h e  fo l lowing  table: 

The mechanical 

kG/m E 2  

4300 

* 2  6 i n  % f 
av2 kG/mm 6 &0.2 

ku",'m kG/m K G / m  G 2  kG/m u 2  

1600 32 26 20 60 8 

Among the aluminum wrought r,lloyii w ide ly  used for whe,l drums, 
we can  cite, Z'ur example, t h e  2014 a l l o y ,  whose p r o p e r t i e s  are pre- 
sen ted  i n  t h e  fo l lowing  tab le :  

T 6u 2 av2 &0.2 
2 kG/m kG/m 

E 2  G 2  kG/m kG/m kGImrn 

7200 2700 40 30 30 

6 i n  X HB 2 kG/m 

130 8 

I n  a d d i t i o n  t o  t he  wrought aluminum a l l o y s ,  wide u s e  is made 
2 of t h e  c a s t i n g  a l l o y s  w i t h  s t r e n g t h  t o  26 kG/cm . Data on t h e  

use of t i t a n i u m  i n  wheel c o n s t r u c t i o n  h a s  appeared r e c e n t l y  i n  t h e  
f o r e i g n  press.  I n  a d d i t i o n  t o  t h e  magnesium and aluminum a l l o y s ,  
va r ious  a l l o y e d  and s imple  sarbon s teels  are used i n  wheel and 
brake  c o n s t r u c t i o n .  
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CHAPTER 7 

BASES FOR TY'E SELECTION OF TIRES, WHEELS, AND BRAKES 
I N  AIRPLANE DESIGN 

/lo2 Experience i n  a i r p l a n e  des ign  and o p e r a t i o n  shows that wheel, - 
t i r e ,  and brake parameters determine,  t o  a cons ide rab le  degree, the 
a i r p l a n e  t a k e o f f  and l a n d i n g  character is t ics ,  t h e  p o s s i b i l i t y  of 
a i r p l a n e  ope ra t ion  on airdromes wi th  va r ious  s u r f a c i n g ,  and the  
s e r v i c e  l i f e  and r e l i a b i l i t y  o f  bo th  t he  e n t i r e  l a n d i n g  gear and 
the  i n d i v i d u a l  gear elements .  

The primary parameters necessary  f o r  wheel s e l e c t i o n  
are : 

- t i r e  p r e s s u r e ,  which determines a i r p l a n e  f l o t a t i o n  on v a r i o u s  
soils; 

- a i r p l a n e  takeoff and l a n d i n g  speeds, which determine the 
t i r e  speed c h a r a c t e r i s t i c s ;  

- s t a t i c  and dynamic wheel l oads ,  which determine the  t i r e  
dimensions ; 

- a i r p l a n e  k i n e t i c  energy du r ing  l and ing  r o l l o u t ,  which i s  
t ransformed by t h e  brakes i n t o  heat and de termines  brake s i z e ,  
weight, and cons t ruc t ion .  
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1. Tire S e l e c t i o n  

Tire diameter 
i n  mm 660 BBO ow) 1050 1100 12w) 1450 - 

T i r e  width m o m 3 l 3 5 ~ 3 3 o m u Q s B o m  
i n  mm I 

Wheel s e l e c t i o n  usua l ly  begins  w i t h  t i r e  s e l e c t i o n .  We mentioned 
i n  Chapter 5 t h a t  the e x i s t i n g  t i r e  types  are a r b i t r a r i l y  broken down 
i n t o  f o u r  groups on the  basis of nominal t i r e  o p e r a t i n g  p res su re .  
Therefore ,  we first  determine the a p p r o p r i a t e  group on t h e  basis of  
the f l o t a t i o n  requirements  wit'h account f o r  the a i r p l a n e  t akeof f  
and landing  speeds. After determining t h e  t i r e  group and construc-  
t i o n  type ,  we use the formulas presented  i n  Chapter 5 t o  determine 
the  t i r e  dimensions (diameter and width i n  mm) on the  basis of t he  
s p e c i f i e d  load on the  wheel or i t s  load  c a p a c i t y ,  I n  a d d i t i o n  t o  
t h e s e  formulas,  we can use the fo l lowing  empi r i ca l  formula, which 
expresses  t h e  load  on the wheel as a func t ion  of t i r e  dimensions 
and t i r e  working p res su re .  This r e l a t i o n  was de r ived  on the basis 
of  analysis  and s t a t i s t i c a l  r educ t ion  of a large amount of data on /IO3 
braked and unbraked wheels 

b 

l a 0  I f s o '  

where Pst to is the  al lowable s t a t i c  t a k e o f f  l nad  ( load  capac i ty  p e r  

wheel i n  kG); D is the  t i r e  diameter i n  mm; B is  the t i r e  width i n  
mm; Po i s  the  t i r e  p res su re  i n  kG/cm2; and k i s  a c o e f f i c i e n t  of 

p r o p o r t i o n a l i t y  ( f o r  t i r e s  of diameter t o  1100 mm, k = 0.25; f o r  
t i r e s  of diameter  mc)re than 1100 mm, k = 0.23). 

I n  the  f i n a l  t i r e  s i z e  de te rmina t ion ,  we should r e s t r i c t  our- 
s e l v e s  t o  the  fo l lowing  standard o r  f r equen t ly  used s i z e s :  
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Figure  7 .1 .  Ca lcu la t ed  curves  o f  t i r e  load  
s i z e  ( D  x B) and t i r e  p r e s s u r e  po. 

c a p a c i t y  ve r sus  t i r e  

p res su re  are cons idered  the  most important  c r i t e r i a  f o r  de te rmining  
t h e  s i z e  o f  t h e  t i r e .  

I f ,  on t h e  basis o f  t h e  s p e c i f i e d  load  Pst to, the  t i r e  dimen- 

s i o n s  (D x B) are found t o  be nonstandard,  they  should be modif ied 
on t h e  basis of t he  fo l lowing  cons ide ra t ions .  

I f  we take a smaller s t anda rd  s i z e  ( f o r  D x B), w e  can compensate 
f o r  t he  r e s u l t i n g  de f i c i ency  w i t h  r e s p e c t  t o  t i r e  load  c a p c c i t y  by  

i n c r e a s i n g  t h e  t i r e  p r e s s u r e  by  Apo, bu t  Apo should not  exceecl 5 - 
1 0 %  o f  the  nominal p r e s s u r e .  We must bear i n  mind tha t  t he  t i r e  
may not  have t h e  r e q u i r e d  s t r e n g t h  rnargir: I n  t h i s  case .  

I f  we take a larger s t anda rd  s i z e ,  t he  t i r e  w l l l  have a margin 
wi th  r e s p e c t  t o  bo th  load  capac i ty  and p r e s s u r e ,  which i s  p a r t i c u l a r l y  
f avorab le  f o r  newly designed a i r p l a n e s .  
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Figure 7.2. Averaged wheel 
drum s e a t i n g  diameter (D1) 
versus  t i r e  o u t e r  diameter ( D )  
1- c i r c u l a r  p r o f i l e  t i r e s  (po - > 

6.5 kG/cm 2 ); 2- arch-shaped2 

kG/cn !!l ) . 
t i r e s  (p, = 3 . 5  - 3.6 kG/cm 1; 
3- se i -ba l loon  t i r e s  (p, = 3.5 

After determining the t i r e  
s i z e ,  we check i t s  shock absorb- 
i n g  c h a r a c t e r i s t i c s  on t h e  
de f l e c  t i o n  curve.  

It i s  considered accep tab le  
i f  t he  t i r e  d e f l e c t i o n  under the  
a c t i o n  of t h e  a t s t i c  talczoff 
load does no t  excee-3 on t h e  
average, 30 - 358 +,he t o t a l  
d e f l e c t i o n ,  s i n c e  t asive 
d e f l e c t i o n  leads t o  marked t i r e  
s e r v i c e  l i f e  r educ t ion .  I f ,  f o r  
the t i r e  wi th  the  s p e c i f i e d  load ,  
the d e f l e c t i o n  is more than  35%, 

Q'l.It 

it is necessary  t o  e i ther  i n c r e a s e  t h e  t i r e  p r e s s u r e  o r  s e l e c t  a 
larger t i r e .  I n  a d d i t i o n  t o  the  s t a t i c  l oad ,  t h e  s e l e c t e d  t i r e  s i z e  
must correspond t o  t h e  normed landing  gear shock absorber  work w i t h  
t h i s  t i r e .  

2. Wheel S ize  Determination 

The s e l e c t e d  t i r e  dimensions (diameter  and wid th)  a l s o  determine 
t h e  wheel dimensions,  and the drum o u t e r  d iameter  i s  de f ined  by t h e  
t i r e  s e a t i n g  diameter  . 

Figure 7 .2  shows the  averaged wheel drum s e a t i n g  diameter (D1) 

dependence on t i r e  o u t e r  diameter  (D) f o r  va r ious  t i r e  p r e s s u r e s ,  
and Table 7 . 1  shows t h e  as tual  dlmensions of some t i r e s  used i n  t h e  
USSR, 

/lo6 The t i r e  s i z e  and p res su re  determine,  i n  t h e  f i n a l  a n a l y s i s ,  - 
t h e  b r a k e  s t r u c t u r e  vclume Vb, i n  which we cons ider  t h e  space f o r  

t h e  b r a k e  w i t h  t h e  l i m i t i n g  brake energy capac i ty  and s e r v i c e  l i f e  
(F igure  7 .3 ) .  The q u a n t i t y  b usually varies i n  t h e  limits of (0.05 - 
O.1)E. 



3 .  Wheel Weight Determinat ion 

After de te rmining  the  t i r e  and &heel dimensions and l i m i t  
a l lowable  brake energy c a p a c i t y ,  we f i n d  t h e  first estimate of t h e  

weight o f  the wheel, t o g e t h e r  w i t h  t h e  b r L k e ,  from t h e  formula: 

Gw ass 

where Gwd i s  t h e  weight of  t h e  wheel drum w i t h  bea r ings ;  Gb i s  t h e  

brake  weight;  and Crt i s  t h e  t i r e  weight. 

The wheel drum weight can be determined approximately from the  
a l lowable  drum s p e c i f i c  ou tput  qwd, which I s  t he  r a t i o  of  t h e  s t a t i c  

t a k e o f f  load  t o  drum weight and depends on t h e  drum material, 
required s e r v i c e  l i f e ,  tempera ture  regime, ana wheel s i z e .  F igure  
7 . 4  shows the  curve of  a l lowable  s p e c i f i c  ou tput  of a drum f a b r i c a t e d  
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Figure  7.4. Allowable wheel drum 
s p e c i f i c  ou tput  qwd ve r sus  t i r e  
s i ze  D x B. F i g u p  7.3. Meel cons t ruc t ion .  

1- forged; 2- cast. 

from magnesium a l l o y s  ( c a s t  and forged) ve r sus  t i r e  s ize .  Using 
t n i s  r e l a t i o n ,  f o r  knoun geometric t i r e  d!mensions I) and B, w e  
determine the  

However, 
approximat e l y  

l i m i t i n g  value of %d and the wheel drum weight: 

Gwd = ’st to’%d’ 

t h e  brake assembly weight can be determined 
from t h e  brake energy capac i ty  (Ab)  u s ing  the curve 

i n  Figure 7.5, p l o t t e d  from c a l c u l a t i o n  of the energy absorbed by 
t h e  brake p e r  landing w i t h  heavy braking.  

The t i r e  weight and s p e c i f i c  output  can be found from a curve 
analogous t o  t h a t  shown i n  Figure 7.6. 

O f  interest  i s  the  g raph ica l  method (Figure 7.7) which has been 
proposed by Messier f o r  s e l e c t i n g  t h e  d i s c  brake on t h e  basis o f  
energy capac i ty  and weight. The f igure i s  p l o t t e d  from c a l c u l a t i o n  
o f  t he  t ransformat ion  of work equal  t o  750,000 kG/m i n t o  hea t  i n  t h e  
nominal braking regime. The emergency regime i s  determined on t h e  
b a s i s  of ob ta in ing  a mass Gverage hea t  s ink  temperature on t h e  o rde r  
of 8 ~ 9  - 1000° C .  The emdinate axis i s  t h e  t i r e  s e a t i n g  diameter 
i n  in:hes and millimeters, t he  l e f t  a b s c i s s a  axis i s  t h e  brake 
weight and t h e  r i g h t  a b s c i s s a  :j k.- c i n e t i c  energy t ransfarmed 
by the  brake i n t o  hea t  <ii:?? , ~ . n d  emergency normal braking.  
This  method I s  used t o  ex;’ , r s i o n s ,  depending on t h e  heat 
s i n k  (brake d i s c )  material. 
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Figure  7.5. Brake energy 
capac i ty  v e r s u s  brake 
weight Gb. 

-~ 

Figure  7.6. T i r e  weight Gt and 

s p e c i f i c  ou tput  Pst to /G 
s ta t ic  load  and i n t e r n a l  p r e s s u r e  

1- s p e c i f i c  ou tput ;  2- t i re  
weight. 

v e r s u s  The f i r s t  version is  w i t h  
steel heat-absorbing brake discs 
( r o t a t i n g  and E ta t iona ry ) .  One 
o f  the discs has cermet bonded 

PO 

t o  it. 

In  the second v e r s i o n ,  the heat s i n k  is a packet  o f  s teel  and 
r e i n f o r c e d  be ry l l i um discs .  The r o t a t i n g  d i s c s  are steel  and the  
nonro ta t ing  d i s c s  are bery l l ium r e i n f o r c e d  with steel. The steel  
i s  coated wi th  f r i c t i o n  material. 

I n  t h e  t h i r d  v e p s i o n ,  t he  heat s i n k  c o n s i s t s  of  b e r y l l i u m  
d i s c s  r e i n f o r c e d  by s tee l  w i t h  f r i c t i o n  material bonded t o  t h e  
su r face .  

In t h e  f o u r t h  u e r s i o n ,  the  heat s i n k  c n n s i s t s  of copper d i s c s  
o p e r a t i n g  t o g e t h e r  w i t h  a p l a s t i c  d i s c .  T h i s  ve r s ion  i s  u s u a l l y  
used for s i n g l e  d i s c  brakes  w i t h  exposed f r i c t i o n  su r face .  

Messier states t h a t  t he  second and t h i r d  ve r s ion  brakes have 
not  y e t  found o p e r a t i o n a l  a p p l i c a t i o n  because of s e v e r a l  technolo-  
g i c a l  d i f f i c u l t i e s  i n  f a b r i c a t i n g  t h e  d i s c s .  However, t h e  f i r m  
b e l i e v e s  tha t  t h e s e  ve r s ions  are very promising. 
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emergency 

Figure 7.7. Graph f o r  s e l e c t i n g  wheel d i s c  brakes u s i n g  the 
Messier method. 
1, 2,  3, 4- first and subsequent ve r s ions .  

The figure i s  used as fo l lows  f o r  d i sc  brake s e l e c t l o n .  After - / i o8  
de te rmining  the wheel and t i r e  s i z e s ,  w e  f i n d  the  t i r e  s e a t i n g  
diameter D1 ( i n  imhes o r  millimeters). 

Then, f o r  t h i s  diameter D1, w e  f i n d  as a func t ion  o f  t h e  heat 

s i n k  material p r o p e r t l e s  the brake weight and energy c a p a c i t y ,  
i .e . ,  the amount of energy which it i s  capable of  absorb ing  d u r i n g  / l o g  
normal or emergency braking.  

We shall i l l u s t r a t e  the  use  of t h e  f i g u r e  by t h e  fo l lowing  
example. For  example, i e t  t h e  selected wheel have s e a t i n g  diameter 
D1 equa l  t o  16" ( o r  407 mm) ,  t h e n  the  brake weight f o r  t h e  first 

ve r s ion  i s  about 35 kG, f o r  the second v e r s i o n  - about 2 3  kG, f o r  
t h e  t h i r d  v e r s i o n  - about 16 KG, and f o r  t he  f o u r t h  ve r s ion  - 
about 42.5 kG. 

I n  t h e  emergency b rak ing  regime, t h e  brake  energy c a p a c i t y  now 
depends on t h e  p r o p e r t i e s  of the  heat s i n k  material and amounts t o :  
f o r  t h e  heat sink us ing  t h e  first v e r s i o n  - 1,700,000 kG/m; f a r  
t h e  second ve r s ion  - 1,500,000 kG/m; for the th i i -d  v e r s i o n  - 
1,350,000 kG/m; and f o r  t h e  f o u r t h  v e r s i o n  - 1,300,000 kG/m. 
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Heat sink m a t e r i a l  

& 

S t e e l  
S t e e l  + r e i n f o r c e d  bery l l ium 
Reinforced bery l l ium 
Copper 

29.5 
28.0 
19. IS 
19.5 
54 

E 7.4 

16 
12.5 

9.5 
14 

~~ ~~ ~- ~~~~ ~ 

Brake s p e c i f i c  e.Iergy capac i ty  

29.8 
37.5 

.'36.4 
36.4 
77.3 

116 
50 

113 
86.8 

116.3 

3" 

i n  k 
Normal regime 

91 500 
32500 
ago0 

17 500 

13.4 
15 
14.7 
21 
41,2 
32 
20 
51 ,O 
36.7 
37 

101,M 
18& 

The brake s p e c i f i c  energy capac i ty  as a func t ion  of  the 
material and braking  regime i s  shown i n  Table 7.4. 

Tables  7.5, 7.6, and 7.7 p re sen t  the c h a r a c t e r i s t i c s  of some 
o p e r a t i o n a l  Sovie t  and fo re ign  wheels, b rakes ,  and tires. 

TABLE 7.5f 

Whee: 
s i z e  
D x l  

BASIC CHARACTI 
I S t a t i c  

- 
7 

10 
2.5 
3.5 

i0 ,5 
6,s 
4.6 
4 
4 .5 
5.2 
6.5 
5 
5.2 
4.7 
3v8 
7 .o 
7 P O  

- 
Take. 

o f f  

-I 

1W 
2350 
1 
925 

33ou 
2000 
3 750 
3500 
2800 
3800 
4 m  
2 700 
4000 
-5 180 
6000 

16 850 
14 830 

WHEEl 

I 

+a f a Q , >  
CQ, 
(d as 
CI m r  

200 
35 

J 10 
150 
250 
220 
210 
180 
150 
140 
240 
205 

160 
140 

1% 

: <  

- 

- 
eo- l a  

: AND TIRES 
Weight i n  kg 

hee l  I Drum IBrakel 
issem- zssem-assem- T i r e  

:w i th  
; ire ) - 

7 3  
11.3 
12.5 
10 
19 
16,4 
2215 
21 ,I 
P 

30 
38.6 
42.5 
70 
86.5 
IO8 

g.5 

-- 
*Comas in t he  numbers i n d i c a t e  decimal p o i n t s .  

120 



Wheel 
size 
D x B  

h4x IS 
MOX 197 
643x 197 ml< 194 
137x 194 
774x219 
836x251 
WX25l 
089x229 
889x229 
889x229 
905x260 
S a i X m ,  
965x314 
965x314 
965x314 

lIooX297 
1020X ,300 
1225x428 
3225x428 
1225x428 
1423x196 

TABLE 7.6* 
BASIC CHARACTERISTICS OF FOREIGN WHEELS AND TIRES WITH 

PRESSURE FROM 7.5 TO 10.5 kG/cm2 
~~~ ~ ~ 

Airplane  t y p e  

Boeing KC-135. 
Wanpire- 

Avro 100 
Gloster Mteor 
Can dair 44D 
B e l 2 a s t  
hckheed 
Comet 
Caravelle 
Carnet-4 
Baing 377 
Viscount 
Vickers vc-10 
Baeina 707 
Breguet 1UO 
Gloster Javelin 
Bristol Brittania 

Boeing 727 
Boeing 377 

Brepaet 1150 

fo +049 

~~ -~ ~ 

S t a t i c  load 
i n  kG 

Lad- 
ing 

Take- 
off 

2m am 
3m 
37s 
4 m  
5010 
6350 
6350 
6000 
6000 
7290 
6800 
6050 
7000 
7800 
lO't50 
9 Iw) 
I4 290 
15 650 
I5 6M 
13 800 

- 
Q) 

m 
m 
Q) 
k 
DN 

E 
Q ) c  

5 

$5 - 
9P 
8 .O 
8 .a 
9.0 
10 .o 
9 .s 
9 ,a 
9.8 
8.5 
8.5 

10.5 
8.3 
8.3 

IO .3 
IO .5 
10.2 
3.7 
*4 

3.1 
3.1 
.4 

7 ,o 

*Commas in t h e  numbers i n d i c a t e  decimal p o i n t s .  
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- 
Wheel 
s i z e  
D x B  

- 
644x I63 
6cIX 165 
771x219 
mx 160 
83Bv278 
r#19XZB 
91rxne 
1ooox346 
1OoOx316 
lo2oX30j 
1020x445 
1086xm 
11 10x330 
1423x495 

TABLE 7.7” 
BASIC C H A R A C T E R I S ~ C S  OF FOREIBN WHEELS AND TIRES WITH 

PRESSURE MORE THAN 10.5 kG/cm* +. 
S t a t i c  l oad  

Land- 
Airp lane  t y p e  

Sabre 86 
Boeing B-47 
B r i s t o l  B r i t t a n i a  5050 
Republic 84 
Douglas DC-8 
Car ave 1 1 e 
NAA 
Lockheed L-188 
Douglas DC-9 
Canadair 4 4 D  
Boeing B-70 
Douglas DC-8 
Douglas DC-8 
Boeing B-47 

- 
Take- 

off  

- 
3430 
4600 
6800 
6 125 
8300 
EO00 
8600 

12 500 
12 580 
10 800 
?om 
17 4B 
19 800 
moo0 

- 

- 

$ 
5 m 
mcu 
o E  
L o  a\ a 
a x  
k 
r l c  
E t d  

12 
13 
12.7 
18 
11.6. 
12 
11 
11 
11.3 
11.6 
11.2 

!3 
12.7 
12 .5 

- 

Weight i n  kg 

*Commas i n  t he  numbers i n d i c a t e  decimal p o i n t s .  
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CHAPTER 8 

AIRPLANE BRAKE SYSTEMS 

1. Basic Brake System Requirements /113 

The a i r p l a n e  brake system is  used t o  c o n t r o l  t h e  wheel brakes 
by vary ing  t h e  b rak ing  moment and a l s o  f o r  automatic  e l i m i n a t i o n  o f  
wheel lockup ( sk idd ing) .  Brake systems i n  which the magnitude o f  
the b rak ing  moment i s  established a u t o m a t i c a l l y  i n  o r d e r  t o  r e a l i z e  
t he  1imi”vng t r a c t i o n  c o e f f i c i e n t  plim have r e c e n t l y  come i n t o  use.  

The modern a i r p l a n e  brake  system i s  an assemblage o f  v a r i o u s  
f u n c t i o n a l  dev ices  (hydrau l i c ,  pneumatic, e l e c t r i c a l ,  and mechanical)  
i n t e rconnec ted  by the  r e q u i r e d  coupl ings  (hydrau l i c  l i n e s ,  e l ec t r i ca l  
wi r ing ,  mechanical l i n k a g e s ) .  The t o t a l  number o f  such dev ices  i n  
t h e  brake  sys tem may be very large. F J L ,  example, the  brake sys t em 
of t h e  11-62 a i r p l a n e  has more than  100 components. 

D e f i n i t e  requi rements  are Imposed on the  brake  s y s t e m s  du r ing  
des ign  and ope ra t ion .  F i r s t  o f  a l l ,  t h e  systems mus t  be opera t ion-  
a l l y  r e l i a b l e ,  s imple,  and easy t o  c o n t r o l .  The b rak ing  moment must 
be p r o p o r t i o n a l  t o  t h e  c o n t r o l l i n g  s i g n a l  magnitude. The brake 
sys t em must have adequate  response speed, ;Jhich is  c h a r a c t e r i z e d  by 
t h e  t i m e  from t h e  I n s t a n t  of’ a g p l i c a t i o n  o f  a s tep  f u n c t i o n  maximal 
inpu t  s i g n a l  u n t i l  t h e  c r e a t i o n  of t h e  maximal brak ing  momertt. For  
t he  brake systems o f  modern a i r p l a n e s ,  t h i s  t i m e  i s  one t o  1.5 
seconds. 



Since  the b rak ing  moment 
\ is  determined t y  t h e  brake 

pressure pb, one o f  t he  impor tan t  

i n d i c e s  of e f f i c i e n c y  of t he  
brake  system and i t s  i n d i v i d u a l  
components are t h e  errors of t h e  
s t a t i c  characterist ic pb(X), where 

X is  the magnitude o f  t he  inpu t  
signal o r  c o n t r o l l i n g  element 

c h a r a c t e r i s t i c  e r r o r s  (F igure  

Figure 8.1. Airplane brake 
system pressure versus i n p u t  t r a v e l .  Usual ly ,  the  s t a t i c  
s i g n a l  o r  c o n t r o l l e r  t r a v e l .  

8.1) are established by the  s p e c i f i c a t i o n s  as fo l lows:  maximal 
c o n t r o l l i n g  element dead zone X1 max 5 0.25 Xmax, maximal a l lowab le  /114 

J’ 
t r a v e l  i n s e n S i t i v i t y  AXmax 2 0.1 Xmax, maximal a l lowable  brake 

pressure overshoot Apma, 5 0.15 pmax, maximal a l lowable  f i n a l  pressure 

d e v i a t i o n  +Aptmax 5 0.1 pm,, and maximal t r a v e l  hysteresis  X2 max - < 

0.15 XmX. 

These d e v i a t i o n s  c h a r a c t e r i z e  t h e  q u a l i t y  o f  the  brake system 
as a whole and t h e  t e c h n i c a l  e f f i c i e n c y  o f  i t s  i n d i v i d u a l  components. 

A t  t h e  p r e s e n t  t i m e ,  pneumatic, hydrau l i c ,  and combined 
(pneuhydraul ic )  brake  systems are used on a i r p l a n e s .  The pneumatic 
systems are used on l ight a i r p l a n e s  and t h e  hydrau l i c  - on h tavy  
a i r p l a n e s ,  s i n c e  the  l a t t e r  have powerful hydrau l i c  systems 
s e r v i c i n g  v a r i o u s  u s e r s .  

The combined brake systems, i n  which the  h y d r a u l i c  p a r t  is t h e  
main sys t em and the  pneumatic p a r t  i s  t h e  emergency syster.1, are used 
comparat ively r a r e l y .  

With regard t o  o p e r a t i n g  p r i n c i p l e ,  t h e  brake systems can be 

d iv ided  i n t o  those w i t h  d i r e c t  and remote c o n t r o l .  

1 2 4  



2. D i rec t  Con t ro l  Brake Systems 

I n  t he  d i r e c t  c o n t r o l  brake 
sys t ems ,  the  pressure i n  t h e  
brakes i s  c r e a t e d  by a special  
rcducing  va lve  as the  p i l o t  
a c t u a t e s  it ei ther  d i r e c t l y  o r  
through a s y s t e m  o f  l e v e r s  and 

F igure  8.2. Pneumatic brake l i n k s .  A schematic  of a pneu- 
matic brake system w i t h  d i r ec t  system with d i r e c t  c o n t r o l  f o r  

t r i c y c l e  gear airplane with 
braked nose wheel. c o n t r o l  fo r  a t r i c y e l e  gear air-  
1, 5- r educ t ion  va lves ;  2- p l a n e  w i t h  braked nosewheel i s  

has main and emergency (s tandby)  
systems. The p r e s s u r e  i n  the  b rakes  i s  created by  t h e  reducing  va lve  
1 wi th  d i r e c t  i n p u t  from t h e  p i l o t .  The a i r  i n  t h e  p r i w r y  subsystem 
is  fed t o  t h e  main wheel brakes through t h e  d i f f e r e n t i a l  2 and s h u t t l e  
va lve  3. A i r  e n t e r s  t he  nosewheel brake from t h e  va lve  1, bypass ing  
t h e  d i f f e r e n t i a l .  When u s i n g  the  emergency system, the  a i r  from 
the va lve  5 goes d i r e c t l y  t o  t h e  main wheel brakes on ly -  The d i f -  

f e r e n t i a l  i n  the  brake system s e r v e s  f o r  separate a p p l i c a t i o n  o f  
r i gh t  and l e f t  main wheel brak ing ,  while t h e  s h u t t l e  va lve  i s o l a t e s  
t h e  Pmergenc;' system from t h e  main sys tem.  

The hydrau l i c  brake  system w i t h  d i r e c t  c o n t r o l  f o r  a heavy 
With a i r p l a n e  having multiwheel bogies  is shown i n  F igure  8.3. 

i npu t  t o  t h e  r e d u c t i o n  v a l w  1, t h e  working f l u i d  i s  supp l i ed  t o  
the wheel brakes through the  s h u t t l e  va lves  2 ,  e l ec t r amagne t i c  va lve  
3 ,  and h y d r a u l i c  f u s e  4.  F l u i d  i s  supp l i ed  t o  the wheel brakes o f  
t he  l e f t  bogie  from t h e  l e f t  r educ t ion  va lve  and t o  t h e  wheel brakes  
o f  t h e  r i g h t  bogie  from t h e  r i g h t  r e d u c t i o n  va lve  (f irst  o r  second 
p i l o t ) .  I n  t h i s  way, i n d i v i d u a l  brak ing  o f  t h e  l e f t  and r i g h t  
bogie  wheels i s  provided i n  or&.-. t o  improve maneuverabi l i ty  du r ing  
a i r p l a n e  t a x i i n g .  I f  wheel lockup ( sk idd ing)  occur s ,  t h e  va lve  3 
i s o l a t e s  t h e  wheel brakes from t h e  supply  l i n e  and connec ts  them t o  
the r e t u r n  l i n e .  Wheii emergency b rak ing  is necessary ,  t h e  va lve  5 
i s  ac tuaced  and t l - 2  wn;*king f l u i d  e n t e r s  the  wheel b r a k e s  through 
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t he  s h u t t l e  va lves  2 and t h e  
h y d r a u l i c  f u s e s  4.  The hydrau l i c  
f u s e s  4 block  t h e  supply l i n e  
a u t o m a t i c a l l y  i f  there i s  damage 
t o  any system l i n e  l o c a t e d  down- 

stream o f  them. 

D i f f e r e n t i a l  b rak ing  o f  the 
r i g h t  and l e f t  wheels is  no t  
r e q u i r e d  i n  t he  brake system 

Figure 8 . 3 .  Hydraul ic  brake of t he  airplane w i t h  b i c y c l e  
l a n d i n g  gear, s i n c e  the gear system o f  heavy a i r p l a n e  with 

multiwheel l a n d i n g  gear and 
d i rec t  c o n t r o l .  t r a c k  i s  very narrow. During 
1- r e d u c t i o n  va lve ;  2- s h u t t l e  t a x i i n g ,  a i r p l a n e  c o n t r o l  I s  
valve ;  3- e lec t romagne t i c  
va lve ;  4- h y d r a u l i c  f u s e ;  5- 
r e d u c t i o n  va lve  . f r o n t  s t r u t  and d i f f e r 2 n t i a l  

accomplished by t u r n i n g  the 

engine power. Opera t iona l  
exper ience  has Shawn that t h e  maximal b rak ing  moment on t h e  f r o n t  
wheels should be 25 - 30% less than on the  rear wheels i n  o r d e r  
t o  ensu re  airplane s t a b i l i t y  d u r i n g  l and ing  r o l l o u t .  The d i r e c t  

c o n t r o l  systems and more re l iable  i n  ope ra t ion .  However, the  r equ i r e -  
ments f o r  response  speed i n  t h e  case  of  cons ide rab le  h y d r a u l i c  sys t em 
l i n e  l eng th ,  for example on heavy a i r p l a n e s ,  are sat isf ied betizer by 
t h e  remote c o n t r o l  sys tems.  

c o n t r o l  brake systems are c o n s t r u c t i o n a l l y  s impler  t h a n  the  remote - /116 

3.  Remote Control  Brake '3ystems 

I n  the remote c o n t r o l  systems,  t h e  brake  p r e s s u r e  is  c r e a t e d  by 
an execu t ive  u n i t  ( s p e c i f i c a l l y ,  by a r e d u c t i o n  v a l v e )  which I s  

remotely c o n t r o l l e d .  I n  t h e s e  systems, t h e  c o n t r o l l i n g  i n p u t  is  
converted by a s p e c i a l  c o n t r o l l e r  i n t o  an  e l e c t r i c a l ,  hydrau l i c ,  o r  
pneumatic s i g n a l ,  which i s  t h e n  t ransformed I n t o  t h e  brake p res su re .  
The e l e c t r o h y d r a u l i c  remote c o n t r o l  brak ing  systems have bcen most 
wide ly  used. I n  t h e  remote c o n t r o l  brake sys tems,  the  cockp i t  and 
passenger  cab in  are not  encumbered by  plumbing l i n e s ,  t h e  brake 
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Figure  8.4. Remotely c o n t r o l l e d  e l e c t r o h y d r a u l i c  system. 
I- c o n t r o l  po ten t iometer ;  11- p o l a r i z e d  r e l a y ;  111- e l e - t r o h y d r a u l i  
r e d u c t i o n  va lve ;  1- r e d u c t i o n  s p r i n g ;  2- d i f f e r e n t i a l  c y l i n d e r  
p i s t o n ;  3- sl ide va lve ;  4 ,  7- magnets; 5- feedback p o t e n t i o n e t e r ;  
6- c e n t e r i n g  sp r ing .  

system response speed i s  faster, t h e  sys t em c o n f i g u r a t i o n  on t h e  
a i r p l a n e  i s  bet ter ,  the system weight is  reduced,  and it becomes 
p o s s i b l e  t o  automate t he  a i r p l a n e  b rak ing  p rocess  d u r i n g  l and ing  t o  
a cons ide rab le  degree. 

A schematic o f  a remote c o n t r o l  e l e c t r o h y d r a u l i c  system i s  shown 
i n  F igure  8.4. 
p o l a r i z e d  relay 11, and e l e c t r o h y d r a u l i c  r educ t ion  va lve  111. The 
e l e c t r i c a l  bridge c i r c u i t  o f  t h e  system is  shown i n  F igure  8.5. 
bridge r e s i s t a n c e s  are t h e  c o n t r o l  1 and feedback 2 pc ten t iome te r s .  
The p o l a r i z e d  relay 3 winding i s  connected i n t o  t h e  bridge d iagonal .  
During braking ,  t h e  p i l o t  d i s p l a c e s  t h e  c o n t r o l  po ten t iometer  1. 
S ince  t h e  feedback poten t iometer  2 i n  t h e  r e d u c t i o n  va lve  i s  
s t a t i o n a r y  a t  t h e  first i n s t a n t ,  because of  t h e  c o n t r o l  po ten t iometer  
displacement ,  a n  e r r o r  v o l t a g e  i s  created between p o i n t s  a and b.  

As soon as t h e  e r r o r  magnitude reaches a def i r . i te  va lue ,  t h e  
p o l a r i z e d  re lay a c t u a t e s  and a p p l i e s  volt?.,-.  td  t h e  r e d u c t i o n  va lve  
electromagnet  4 .  

The sys t em c o n s i s t s  o f  t h e  c o n t r o l  po ten t iometer  I, 

The 
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Reiuc t ion  o f  t he  p r e s s u r e  
is  accomplished by compression 
o f  t h e  r e d u c t i o n  s p r i n g  1 (see 
Figure  8 .4)  by t h e  d i f f e r e n t i a l  
c y l i n d e r  p i s t o n  2.  The p i s t o n  
2 d i s p l a c e s  t he  feedback poten- 
t i o m e t e r  s l ider ,  thereby  elimi- 
n a t i n g  the  e r r o r  between p o i n t s  

d i f f e r e n t i a l  c y l i n d e r  p i s t o n  is 

Figure  8.5. E l e c t r i z a l  c i r c u i t  
o f  e l e c t r i c a l  remote c o n t r o l  a and b.  Cont ro l  of the 
system. 

accomplished by supplyi!)g pres-  1- c o n t r o l  po ten t iometer ;  2- 
feedback poten t iometer ;  3- 
p o l a r i z e d  relay.  s u r e  t o  chamber A from the  s l i de  

va lve  3 .  During brake app l i ca -  
t i o n ,  when because o f  the  e r r o r  the  r e l a y  I1 a c t i v a t e s  t h e  magnet 4 ,  
t h e  l a t t e r  d i s p l a c e s  t h e  s l i d e  va lve  3 t o  t h e  l e f t .  As soon as t h e  
feedback po ten t iome te r  5 e l i m i n a t e s  t he  e r r o r ,  t h e  re lay de-energizes  
the  magnet 4 and the  cen te r ing  s p r i n g  6 es tabl ishes  the  s l i de  va lve  
3 i n  the  n e u t r a l  p o s i t i o n  and c u t s  o f f  pressiire supply t o  chamber A .  

Chamber A i s  block-.G, t h e  p i s t o n  2 is  s t a t i o n a r y ,  and the reduced 
p r e s s u r e  is constal i t .  

During brake r e l e a s e ,  t h e  p i l o t  d i s p l a c e s  t h e  c o n t r o l  
po ten t iometer  i n  t h e  r e v e r s e  d i r e c t i o n  and c r e a t e s  an e r r o r  of  t he  
oppos i t e  s i g n .  I n  t h i s  c a s e ,  t he  p o l a r i z e d  relay e n e r g i z e s  t h e  
magnet 7 which d i s p l a c e s  the  s l ide  va lve  3 Lc the  r i g h t .  The chamber 
A i s  open t o  t h e  r e t u r n  l i n e  and t h e  p i s t o n  2 moves t o  t h e  r i g h t  
as a r e s u l t  o f  t h e  p r e s s u r e  a c t i n g  on the  annu la r  s e c t i o n  o f  t he  
p i s t o n  2 .  As t h e  p i s t o n  moves t o  t h e  r i g h t ,  i t  reduces t h e  com- 
p r e s s i v e  f o r c e  of t h e  s p r i n g  1 and t h e r e b y  lowers t h e  reduced 
p res su re .  

The described system makes i t  p o s s i b l e  t o  vary the reduced 
p r e s s u r e  as a f u n c t i o n  of c o n t r o l  po ten t iometer  displacement  
fo l lowing  a n e a r l y  l inea? law. I n  a d d i t i o n ,  t he  o p s r a t i o n  of t h i s  

c i r c u i t  i s  not  d i s r u p t e d  w i t h  supply vo l t age  o s c i l l a t i o n s  over  q u i t e  
wide l i m i t s ,  s i n c e  t h e  electromagnecs 4 and 7 are designed f o r  t h e  
minimal vo l t age .  
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truck 
Figure  8.6. Brake s y s t e m  w i t h  e l e c t r o h y d r a u l i c  r e d u c t i o n  va lves .  
1- potentio:.:eter; 2- d i s t r i b u t i o n  box; 3- e l e c t r o h y d r a u l i c  va lve .  

A schematic of a brake sys t em wi th  e l e c t r o h y d r a u l i c  r e d u c t i o n  
va ives  is shown I n  F igu re  8.6. 
th rcugh h i s  rudder  pedals, t he  two po ten t iome te r s  1, the  s i g n a l s  
from which t r a v e l  t o  t h e  d i s t r i b u t i o n  box 2 and from there  t o  t h e  
va lves  3 .  

I n  t h i s  s y s t e m ,  each p i l o t  c o n t r o l s ,  

The lsft potent iometer  (r,f t h e  first and second p i l o t s )  c o n t r o l s  
t h e  left r educ t ion  valve and, t h e r e f o r e ,  t h e  b rakes  of  t he  l e f t  
b o g i e .  The r i g h t  po ten t iometer  (of t h e  first and second p i l o t s )  
c o n t r o l s  the r i g h t  r e d u c t i o n  va lve  and t h e  brakes of  the  r i g h t  
bog ie ,  I f  t h e  l e f t  and r i g h t  po ten t iome te r s  are s s t u a t e d  a t  t h e  
Sam:' time, t h e  s i g n a l  goes s imul taneous ly  t o  both  r educ t ion  va lves .  
I f  t he  f irst  and second p i l o t s  a t t e m p t  t o  c o n t r o l  t h e  brakes 
s imul taneous ly ,  t h e  d i s t r i b u t i o n  box c u t s  o f f  t h e  s i g n a l s  from t h e  
poten t iometers  of t he  second p i l o t  and makes i t  p o s s i b l e  f o r  t h e  
f i r s t  p i l o t  t o  c o n t r o l  the  braking.  

The emergency system i s  analogous t o  the  main s y s t e m  and 
c o n s i s t s  of t he  same u n i t s .  The c o n t r o l  po ten t iome te r s  are l o c a t e d  
only i n  t h e  f irst  p i l o t ' s  c o n t r o l  c i r c u i t .  
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Figure 8 . 7 .  Remote e l e c t r i c a l l y  
c o n t r o l l e d  h y d r a u l i c  b rak ing  
sys t em o f  a i r p l a n e  wi th  b i c y c l e  
l and ing  geai'. 
1: 2- r educ t ion  va lves ;  3 ,  4- 
emergency and m i n  s y s t e m  
c o n t r o l s ;  5- s h u t t l e  valve;  
6- e lec t romagnet ic  va lve ;  7- 
hydrau l i c  f u s e s .  

F igure  8.8. Remote cor. tro1 
pneumatic b rak ing  a y s t  em. 
1- r e d u c t i o n  valve;  2- 
d i f f e r e n t i a l ;  3- remote p r e s s u r e  
reducer ;  4- s h u t t l e  va lve .  

The c i r c u i t  u f  a n  e l e c t r i -  
c a l l y  c o n t r o l l e d  remote h y d r a u l i c  
b rak ing  s y s t e m  of  a n  a-irplane 
wi th  b i c y c l e  landing  gear i s  

shown i n  Figure 8.7. The p i l o t  a c t u a t e s ,  throuf,h t he  e l e c t r i c a l  
main 4 o r  emergency 3 sys tem c o n t r o l s ,  l o c a t e d  r ig ' l t  i n  the c o c k p i t ,  
w i t h  t he  a id  of 2n e l e c t r i c a l  s ign, l ,  t h e  e l e a t r o h y d r z u l i c  red l ic t ion  
va lves  1 and 2 ,  l o c a t e d  i n  t h e  immediate v i c i n i t y  o f  t h e  a i r p l a n e  
l and ing  gear. Depending on the  e l e c t r i c a l  s ign31,  t h e  r e d u c t i o n  
va lve  c r e a t e s  more o r  less b rak ing  p r e s s u r e  pb. The f l u i d  under 

p r e s s u r e  t r a v e l s  t o  t h e  wheel brakes through the s h u t t l e  va lve  5,  
e l ec t romagne t i c  valve 6 ,  and h y d r a a l i c  f u s e s  7. 

The c i r c u i t  o f  a pneumatic renicte c o n t r o l  b r a k e  sys tem i s  
shown I n  F igure  8.8, The c o n t r o l l i n g  r e d u c t i o n  va lve  1 c r e a t e s  
t h e  c o n t r o l l i n g  p res su re  p \;hich - a f t e r  pas s ing  through t h e  

Y '  
/120 d i f f e r e n t i a l  2 - i s  t -ansformed In t h e  reducer  3 t o  t he  p r e s s u r e  - 

pb e n t e r i n g  t h e  wheel b rakes .  

a c t i v a t e s  ?he swi tch  T and sends p re s su re  d i r e c t l y  t o  t h e  brake;, 
b locking  o f f  the  main system by  t h r n  shut t !?  va lves  4 .  

For emergency braking ,  t h e  p i l G t  



Figure 8 . 9 ,  Pneumatic brake 
system. 
I -  reduct ion  valve; 2- 
d i f f e r e n t i a l  ; 3- e lec t romagnet ic  
valve 

Figure 8.10. S impl i f i ed  
i d e a l i z a t i o n  3f pneumatic 
brake system. 

4. Pneumatic Brake Sys-em 
Analysis 

We sha l l  examine a s i m p l i f i e d  
method f o r  c a l c u l a t i n g  the brake 
a p p l i c a t i o n  and brake release 
t i m e s  o f  a pneumatic brake 

system, which i s  confirmed by 
t h e  experimental  data. 

The pneumatic brak ing  system schematic is shown i n  Figure d . 9 ,  
where W is  the  a i r  accumulator volume; Vb is  the  wheel brake expander 

tube o r  brake c y l i n d e r  volume; 2 is t he  plumbing l i n e  l eng th ;  d i s  
the l i n e  i n s i d e  diameter; ps is the  sys t em p res su re ;  pb is  the  brake 
pressure .  

Assuming tha t  :he flow s e c t i o n s  o f  t h e  d i f fe ren t ia l  2 and 
electromagnet ic  valve 3 are equal  t o  t he  l i n e  s e c t i o n ,  t h e  computa- 
t i o n a l  scheme of t h i s  s y s t e m  can be s i m p l i f i e d  (Figure 8.10). 

I n  t h i s  system, Vo i s  t h e  o v e r a l l  volume, Vb i s  t h e  brake 

volume, V t  is t he  l i n e  volune; Fth i s  t h e  flow s e c t i o n  area o f  t h e  

reduct ion  valve 1; 



Brake apptication time. Determination of the brake system 
a p p l i c a t i o n  t i m e  reduces t o  determining the  time f o r  f i l l i n g  of 
the volume Vo t o  the  p res su re  pb through t h e  t h r o t t l e  of  cons t an t  

s e c t i o n  Fth with cons t an t  p re s su re  ps i n  the system. 

We know from gasdynamics that f i l l i n g  o f  the volume may take 
place i n  the s u b c r i t i c a l  o r  s u p e r c r i t i c a l  regimes. 

/121 - The c r i t i c a l  regime under cond i t ions  o f  cont inuously va ry ing  
pressure pb is a t r a n s i e n t  regime. 

The c r i t i c a l  pressure r a t i o  

for  a p o l y t r o p i c  process  i s  def ined  by the  formula 
- 

2. r-l 

Ecr = (z) ' 

where n i s  the  p o l y t r o p i c  exponent. 

Considering t h a t  there i s  no marked heat t r a n s f e r  a t  t he  
t h r o t t l e  du r ing  f i l l i n g  of the brake sys tem volume, w e  can take 
n = 1 .4 .  I n  t h i s  case ,  ccr = 0.528. 

The f z l l i n g  regime w i l l  b e  cha rae t e r i zed  by the r a t i o  

where E > eCr f o r  the  s u b c r i t i c a l  regime and E < 

s u p e r c r i t i c a l  regime. 

f o r  t h e  

I n  t he  vas t  ma jo r i ty  of b rake  sys tems,  f i l l i n g  takes p lace  i n  
the  s u p e r c r i t i c a l  regime. 



The a i r  flourate i n  the th, ; t le  when f i l l i n g  i n  the  super- 
c r i t i c a l  regime w i l l  be cons t an t  and equal  t o :  

where m = V  is t h e  speed o f  aound i n  a i r ;  

{(&-= 0.57 for n = 1.4; 

2 

; 
T is  the temperature  i n  K; R i s  the gas cons tan t ;  ps is the supply 

sys t em p res su re ;  a is  t h e  flow c o e f f i c i e n t ,  equa l  t o  0.4 - 0.6; and 
Fth i s  the t h r o t t l e  flow s e c t i o n  area. 

To determine t h e  f i l l i n g  t i m e  f o r  the  volume Vo, w e  use the 
gas equat ion  o f  state: 

avo= RTQ,. (8.5) 

The system volume f i l l i n g  equat ion  can be obta ined  by assuming 
t h a t  t h e  s p e c i f i c  heat of t h e  gas v a r i e s  l i t t l e  du r ing  the  f i l l i n g  
process  and t h e  process  p o l y t r o p i c  exponent can be assumed cons tan t  
(n  = c o n s t ) .  

/122 

We write t h e  c h a r a c t e r i s t i c  a i r  f lowra te  equat ion  i n  d i f f e ren t i a l  
form: 

where dp i s  the p res su re  increment i n  t h e  system; and dQ, i s  t h e  
incremental  a i r  weight i n  the  system. 

1 

f We d iv ide  t h e  l e f t  and right sides o f  (8 .6)  by t he  i n f i n i t e s i m a l  
f time increment d.r I 
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Considering t h a t  

'Qa 
d7 Gas - =  (8.8) 

w e  o b t a i n  

4 Rr 
h vo 

Since t h e  f i l l i n g  process  l a k e s  

--- 
regime, w e  o b t a i n  

'a 

p l ace  i n  the s u p e r m i t i c a l  

(8.10) 

Solv ing  (8.10) f o r  d T  and i n t e g r a t i n g  it i n  t he  l i m i t s  from pl 

t o  pcr, w e  o b t a i n  the f i l l i n g  t i m e  f o r  the i so thermal  process  

T =  i 

As w e  noted above, i n  brake 

VO(PC, - Pi) 

RTGa cr 
(8.12) 

where T~ i s  the  t i m e  t o  f i l l  t he  volume t o  the  p res su re  pb (brake 

a p p l i c a t i o n  t i m e ) .  

B r a k e  r e t e a s e  time. I n  o rde r  t o  determine the brake s y s t e m  
r e l e a s e  t i m e ,  w e  use the  equat ions  o f  gasdynamtcs. Since the a i r  
d i scharges  i n t o  t h e  atmosphere and E~, = 0.528 - 0.607, we have 

(8.14) 



Thus, release system pressure t o  pcr takes p l a c e  i n  the 

s u p e r c r i t i c a l  regime and f u r t h e r  brake release takes p lace  i n  the 
s u b c r i t i c a l  regime. 
ment with s u b c r i t i c a l  d i scha rge  reglme can be neglec ted .  

- /I23 

I n  p r a c t i c e ,  i n  a c t u a l  brake systems, t h e  seg- 

Thus, by analogy with (8.101, we can w r i t e  ( t a k i n g  t h e  flow- 
rate t o  be n e g a t i v e )  

and 

where 

Then 

After i n t e g r a t i n g  i n  the  
not  less than p,,), w e  have 

(8.16) 

RTaFth 
=,- CT; 'b In 

pb max vO 

Db max 
'b 

= B I n  s 
*b max '0 T = In 

Pb 

where 

(8.18) 

V = const. RTaFthc B =  
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Since B depends only on the  valve geometric parameters and t h e  
i n i t i a l  p rocess  cond i t ions ,  (8.18) can be w r i t t e n  In the  form 

-=In * 'b luax 
B 

'b 
(8.191 

The dependence o f  p,/pb max on ?/B can be r ep resen ted  i n  t he  

form of  curves  (Figure 8.11) f o r  t h e  i so thermal  process  n = 1 and 
for  t h e  a d i a b a t i c  process  n = k = 1 .4 .  

To f i n d  the p r e s s u r e  pb corresponding t o  t h e  given t i m e  T, w e  

must c a l c u l a t e  t h e  cons t an t  B and f i n d  t h e  r a t i o  ?/B, t hen  w e  f i n d ,  
from the graph, the corresponding va lue  of  pb/pb max.  

/12 4 h a w i n g  the  i n i t i a l  p r e s s u r e  i n  t h e  brake chamber pb max, w e  - 
o b t a i n  the corresponding p r e s s u r e  pb. 

t i m e  T from a given pressure pb i s  solved s i m i l a r l y .  

The problen  o f  determining the 

The graph shows t h a t  t h e  d i f f e r e n c e  i n  the  p r e s s u r e s  f o r  the 
i so thermal  and adiabatic processes  i s  small. T h i s  s i t u a t i o n  makes 
it p o s s i b l e  t o  c a l c u l a t e  t h e  sys tem brake release t i m e  on the  basis 
of the  i so thermal  process ,  ob ta in ing  i n  so  doing r e s u l t s  which are 
q u i t e  c l o s e  t o  the  a c t u a l  va lues .  

The cons iderable  l eng th  of t he  brake s y s t e m  l i n e s  a l s o  aids i n  
e q u a l i z i n g  t h e  t e n p e r a t u r e s  du r ing  brake release an6 b r i n g s  t h i s  

process  c l o s e r  t o  t he  i so thermal  process .  

This computation method does not  cons ider  t h e  i n e r t i a  of t h e  
moving masses of t he  pneumatic rubber  expander t u b e s  and the brake 
c y l i n d e r  p i s t o n s ,  s i n c e  exper ience  shows t ha t  t h e i r  in f luence  can 
be neglec ted .  
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Figure  8.11. Dependence of 
'biPb max 
brake system. 

on r/B f o r  pneumatic 
F igu re  8.12. I d e a l i z a t i o n  of 
h y d r a u l i c  brake system. 

5. Hydraul ic  Brake System Analysis  

Analysis  o f  hydrau l i c  brake systems,  j u s t  as that of pneumatic 
systems, r educes  t o  de te rmining  the sys t em response speed: its 
brake a p p l i c a t i o n  and brake release times. For the  c a l c u l a t i o n ,  
we must know t h e  fo l lowing  sys tem parameters: brake s y s t e m  
schematic,  l i n e  l e n g t h s  and diameters, volume of the system and 
brakes, working pressure i n  the  system, and working p r e s s u r e  i n  the 
brakes. 

F igure  8.12 shows a segment of thi; hydrau l i c  brake system. U e  
ps i s  the  system take the fo l lowing  n o t a t i o n s  f o r  the  c a l c u l a t i o n :  

pressure; pb i s  t h e  brake p res su re ;  Z i  i s  the  l i n e  l eng th ;  di i s  

the  l i n e  diameter; Vi i s  the  i n i t i a l  geometr ic  volume ( p r i c p  t o  the  
i n s t a n t  of brak ing  i n i t i a t i o n ) ;  Vinc i s  t h e  i n c r e a s e  of t h e  ir.itia1 
geometric volume ( i n  t h e  brake a p p l i c a t i o n  p rocess ) .  

The i n i t i s l  volume Vi o f  t h e  brake and system I s  t h e  volume 

when a l l  t h e  moving brake elements  are  i n  t h e  i n i t i a l  p o s i t i o n  and 
t h e  excess  p r e s s u r e  i n  t h e  sys tem is  e q u a l  t o  zero.  T h i s  volume i s  
always f i l l e d  w i t h  l l q u i d .  The i n c r e a s e  o f  t he  i n l t i a l  geometr ic  
volume is  e q u a l  t o  the volume of l i q u i d  e n t e r i n g  the  brake th rough 
t h e  r e d u c t i o n  va lve  and provid ing  displacement of t h e  brake moving 
parts p r i o r  t o  t he  i n s t a n t  t he  f r i c t l m  s u r f a c e s  come i n t o  c o n t a c t .  

/125 
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Figure  8.13. S i m p l i f i e d  
schematic o f  hydrau l i c  
brake systex. 

I n  
we take 
s e c t i o n  
t o  Pth. 

a l l  the 

t h e  sys tem a n a l y s i s ,  
t h e  r e d u c t i o n  va lve  flow 
t o  be cons t an t  and equa l  
The flow s e c t i o n s  of  

o t h e r  units are assumed 
t o  be no smaller t h a n  t h e  f low 
s e c t i o n  o f  t he  l i n e  coming from 
the  reducer .  

J 

The sys tem a n a l y s i s  i s  made us ing  t h e  simplified schematic  
(Figure 8.13) and i n c l u d e s  de te rmining  the  t i m e  f o r  f i l l i n g  t h e  
volume Vinc t o  the p r e s s u r e  p t b  necessary  f o r  displacement  o f  t h e  

brake moving par ts  u n t i l  f u l l  c o n t a c t  of the  brake f r i c t i o n  surfaces, 
and de te rmina t ion  o f  the  time f o r  t h e  p r e s s u r e  t o  i n c r e a s e  from p t b  

when t h e  f r i c t i o n  surfaces are clamped t o g e t h e r  k i t h  the to pb max' 
des ign  f o r c e .  

The i n c r e a s e  of  t h e  geometr ic  volume w i t h  pressure i n c r e a s e  
because of deformation of  t h e  b rake  elements  ( w i t h  i n c r e a s e  of  
t h e  p r e s s u r e  from p t b  t o  pb max ) is no t  considered.  

Let us  examine the  first c a l c u l a t i o n  stage - determining  t h e  
time f o r  f i l l i n g  of  t he  volume Vinc t o  t h e  p r e s s u r e  p V b .  

The l i q u i d  f lowra te  through t h e  c o n s t a n t  s e c t i o n  t h r o t t l e  is 
found from t h e  formula: 

(8.20) 

where QL i s  t h e  l i q u i d  f l o w r a t e ;  Fth i s  the  t h r o t t l e  flow s e c t i o n  

area; Ap i s  t h e  p r e s s u r e  d i f f e r e n t i a l ;  Ath = kf 1: 
reduced f lowra te  c o e f f i c i e n t  (here kf = 0.6  i s  the f lowra te  

c o e f f i c i e n t ,  g -9.81 cm/sec 1. 

i s  the  

2 
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I n  the brake s y s t e m ,  t h e  r e d u c t i o n  va lve  i s  the t h r o t t l e .  
L e t  u s  examine the  brake a p p l i c a t i o n  p rocess  w i t h  f u l l y  open 
r e d u c t i o n  va lve ,  I n  t h i s  case, t he  average p r e s s u r e  d i f f e r e n t i a l  
a c r o s s  t h e  t h r o t t l e  

(8.21) ''b AP = P, - ( P t t  + 7 ) s  

/126 where p t t  are the  p r e s s u r e  l o s s e s  i n  t h e  e q u i v a l e n t  l i n e  from t h e  - 
valve  t o  t h e  brake. 

The p r e s s u r e  v a r i a t i o n  as the  moving elements  d1;place fo l lows  
a l i n e a r  law. 

For  the laminar  f l u i d  flow case ,  t h e  magnitude o f  the p r e s s u r e  
l o s s e s  i n  the l i n e  i s  found from the  formula: 

where 2 i s  t h e  l i n e  l eng th ;  and d i s  t h e  l i n e  diameter; 

75 A # - - .  
Re 

Here Re = vd/v = 4QL/vmd i s  t h e  Reynolds number 

where v i s  t h e  f l u i d  flow v e l o c i t y  i n  t he  l i n e ;  
kinematic  v i s c o s i t y .  

(8.22) 

(8.24) 

and v is  t h e  

After making t h e  corresponding t r ans fo rma t ions ,  we o b t a i n :  

-t 

I f  t h e  sys tem c 6 n s i s t s  of s e v e r a l  l i n e s  w i t h  d i f f e r e n t  l e n g t h s  
and d i eme te r s ,  t he  p r e s s u r e  l o s s e s  can be found -'rom t h e  equat ion:  

(8 .26)  



Thus, (8.201, w i t h  account for the  l o s s e s  i n  t h e  sys tem l i n e s  
and the  average backpressure i n  t h e  c y l i n d e r s ,  w i l l  have t h e  form: 

QL 1 a AthFth 

or 

"b QL 1 = A  t h  F t h  i p s  - DQL - 2, 
where 

Solv ing  (8.281, we o b t a i n  

(8.27) 

(8 .28)  

hence, 
2 2  

2 At hFt hD f = -  
QL 1 

f f (Ath ZthLD)' + A 2 2  F ( p  - "b --). LF 
2 t h  t h  s 

The rea l  s o l u t i o n  w i l l  be 
2 2  A F D  

2 ''b th t h - .  (8.29) 2 2  2F 
QL 1 - J (  'Ath 2 thaD)2 + A t h  F t h  ( p  s = "L'-) - 

Knowing t h e  i n i t i a l  volume Inc rease  Vine and t h e  average flow- 

rate i n  t h i s  segment, we o b t a i n  the  volume f i l l i n g  time 

V i n c  
QL 1' 

T1 = - 
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After f i l l i n g  o f  t he  volume Vinc, t h e  v a r i a t i o n  o f  t h e  

p r e s s u r e  pb w i t h  time i s  de f ined  by t h e  r e l a t i o n :  

(8.31) dpb 
75-  = QL av' 

where QL av is  the average  Fiowrate duririg tiie e n t i r e  p rocess ;  

Kg is the system e l a s t i c i t y ,  

(8.32) d 
KO = 'Zt(V 

where F t  is t h e  l i n e  f low s e c t i o n  area; 2 i s  the  l i n e  l eng th ;  

d is t he  l i n e  diameter; cSt  is t h e  l i n e  wall t h i c k n e s s ;  E i s  t h e  

l i n e  material e l a s t i c  modulus; El i s  t h e  working f l u i d  e l a s t i c  

modulus; and Ps i s  t h e  o v e r a l l  system volume Vs = Vi + V i n c o  

I f  the  sys tem c o n s i s t s  o f  l i n e s  o f  d i f f e r e n t  l e n g t h s  and 
diameters, then  2 and d are taken  t o  be t h e  e q u i v a l e n t  va lues ,  
i . e . ,  such t h a t  f o r  t he  f lowra te  Q,, t h e y  create t h e  same 
r e s i s t a n c e  as 

For l i n e a r  v a r i a t i o n  of t h e  p r e s s u r e  from p b l  t o  pbtt, 

Ath 2F t h  2D dpb 
2 = K O d r s  

1128 (8.33) -- 

hence 
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Figure  8.14. Brake p r e s s u r e  F igure  8.15. Brake p r e s s u r e  
v a r i a t i o n  du r ing  brake v a r i a t i o n  du r ing  brake release. 
a p p l i c a t i o n .  

where dpb/dr i s  t h e  rate of p r e s s u r e  change i n  t he  s y s t e m .  

The t i m e  f o r  p r e s s u r e  r i s e  from zbl  t o  pb1l i s  

(8.35)  
dP 
hr 
- 

The times  AT^ and A r b  f o r  t he  remaining s y s t e m  segments are 
determined s i m i l a r l y .  

The brake p r e s s u r e  v a r i a t i o n  w i t h  time dur ing  brake a p p l i c a t i o n  
i s  shown i n  F igure  8.14. 

Obviously, t he  t o t a l  brake a p p l i c a t i o n  time i s  found as: 

The va lues  o f  pbfl  and pbl l t  are ,  by convent ion,  taken  equa l  t o  

1/3 and 2/3 of pb max, r e s p e c t i v e l y ,  where pb max i s  t h e  maximal 

r egu la t ed  p res su re  i n  t he  brake system. 

I n  o r d e r  t o  determine the brake s y s t e m  release time, w e  
f i n d  t h e  amount o f  f l u i d  e n t e r i n g  t h e  s y s L e m  wi th  i n c r e a s e  of t h e  
p r e s s u r e  from p b l  t o  pb max. 

the  volumes c a l c u l a t e d  f o r  each segment s e p a r a t e l y .  Then 

T h i s  amount i s  found as t h e  sum of 
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where 

After de te rmining  AV and knowing the  sys tem e l a s t i c i t y ,  we f i n d  - /129 
t h e  f l u i d  f lowra te  through the va lve  1 (see Figure  8.121, whose 
f low s e c t i o n  area for r e t u r n  flow I s  Ft th .  Consequently , 

where 

During brake release, the  p r e s s u r e  drop curve has t h e  form 
shown in Figure 8.15. 
from the  sys t em ar.d i n  segment BC, the  volume Vinc i s  discharged. 

I n  segment AB, t h e  sys t em e l a s t i c i t y  Kg = cons t .  We can cons ide r  

t ha t  the d i scha rge  p rocess  t h a t  takes p l a c e  a t  a cons t an t  p r e s s u r e  
d i f f e r e n t i a l  equa l  t o  t h e  average d i f f e ren t i a l  Apav (we neg lec t  
the r e t u r n  l i n e  r e s i s t a n c e ) .  Then 

I n  segment AB, t he  volume AV i s  displaced 

b max - P ' b  
QL = A F' f t h  t h  2 

The time f o r  emptying t h e  volume AV 

- P ' b  'b max 
AthF'  t h  

For t h e  segment BC w e  o b t a i n  

AL2 = F F' t h  t h  2 ' 

(8.40) 

(8.41) 

(8.42) 
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hence 

VinC a- 
AthF'th L' 

The total brake r e l e a s e  time 

= a+% Tbr 
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CHAPTER 9 

AUTOMATION OF THE BRAKING PROCESS /130 

1. Wheel Skid Onset Condi t ions 

Automatic Antisi t id Control  System 

We noted previous ly  tha t  brak ing  e f f e c t i v e n e s s  i s  determined by 
the  magnitude of t h e  t r a c t i o n  c o e f f i c i e n t  r e a l i z e d .  Braking i s  most 
e f f eck ive  when the  l i m i t i n g  c o e f f i c i e n t  of  t i r e  t r a c t i o n  wi th  t h e  
r m w a y  (Ml im)  i s  r e a l i z e d .  

r e l a t i v e  s l i d i n g  equa l  t o  t!jlim. I nc rease  of the  braking  moment ( f o r  

any  r eascn )  leads t o  i nc rease  of the r e l a t i v e  s l i d i n g  above 61im and 

marked reduct ion  of t h e  t r a c t i o n  c o e f f i c i e n t .  The larger, i n  abso lu t e  
magnitude d i f f e r e n c e ,  of t h e  moments AM = Mtr - % which arises as 

a r e s u l t  o f  t h i s  leads t o  complete wheel lockup. A similar phenome- 
non a l s o  takes p lace  i n  the  case  of marked redL;,  t i o n  of  t h e  t r a c t i o n  
moment because of  reduct ion  of e i t h e r  the  t r a c t i o n  c o e f f i c i e n t  o r  
t h e  r a d i a l  load on t h e  wheel w i t h  cons tan t  brak ing  moment. %is 
s f t u a t i o n  i s  p o s s i b l e ,  f o r  example, when the  wheel e n c o m t e r s  a wet 
o r  Icy  spot  on t h e  runway. I n  eithei’ case ,  complete wheel lockup 
causes e i t h e r  l o c a l  e l l i p t i c a l - s h a p e d  abrading  of the t i r e  t r e a d  
o r  complete t i r e  fa i lure .  

I n  t h i s  c a s e ,  t h e  wheel r o l l s  w i t h  



Figure 9.1. Airplane braking  
system w i t h  e l e c t r o i n e r t i a l  
sensors .  
1- reduc t ion  valve; 2- e l e c t r o -  
magnetic valve; 3- e l e c t r o -  
i n e r t i a l  c o n t r o l l e r .  

For t he  most e f f e c t i v e  
nonskid braking,  it i s  necessary 
t o  r e g u l a t e  t h e  braking  moment so 

that r o l l i n g  o f  t he  braked wheel 
takes p l a c e  w i t h  r e l a t i v e  s l i d -  

i n g  corresponding to t h e  l i m i t i n g  
c o e f f i c i e n t  of t i r e  t r a c t i o n  w i t h  

t he  runway a t  t h e  given i n s t a n t .  
The p i l o t  cannot accomplish 
such braking  because of t h e  
l a r g e  number of f a c t o r s  deter- 
mining these condi t ions .  
Therefore ,  most modern air- 
plr,nes have s p e c i a l  automatic  
a n t i s k i d  s y s t e m s  t o  ensure  non- 
sk id  braking  and o b t a i n  accep tab le  
brak ing  e f f e c t  i veness  . 

A t  +he p resen t  time, two automatic  a n t i s k i d  systems have found 
wide a p p l i c a t i o n :  remote a c t i n g  sys t2ms with e l e c t r o i n e r t i a l  or /131 
e l e c t r i c a l  c o n t r o l l e r s  and sys t ems  w i t h  direct  a c t i n g  automatic  
c o n t r o l l e r s .  

I n  t h e  remote a c t i n g  sys tems,  t h e  e l e c t r o i n e r t i a l  or e l e c t r i c a l  
c o n t r o l l e r  i s  mounted r i g i d l y  on t h e  brake and i t s  s e n s i t i v e  element 
( f lyweight  i n  the e l e c t r o i n e r t i a l  sensor  o r  gene ra to r  armature i n  
t he  e l e c t r i c a l  s enso r )  i s  coupled w i t h  t h e  wheel through gear ing .  
The sys t em shown i n  Figure 9 . 1  i s  an  example of a very s imple s y s t e m  
with e l e c t r o i n e r t i a ?  c o n t r o l l e r .  I n  t h i s  system, dur ing  braking ,  
t h e  pressure from the r educ t ion  valve 1 e n t e r s  t h e  brake  through t h e  
e lec t romagnet ic  valve 2 .  If the  wheel s tarts sk idding  du r ing  t h e  
brak ing  pro(’ess, t h e r e  i s  marked change of  t h e  wheel rpm and t h e  
r e l a t i v e  s l i d i n g .  The s e n s i t i v e  element of t h e  c o n t r o l l e r  3 r e a c t s  
t o  t h e  r e s u l t i n g  rpm change and sends a s i g n a l  i n  t h e  form of an 
e l e c t r i c a l  pu lse  t o  t h e  valve 2 ,  which r e l e a s e s  t h e  wheel brake. 
The sys tem w i t h  d i r e c t  a c t i n g  automatic c o n t r o l  does not have a 
s e p a r a t e  valve 2 ,  s ince  t h e  automatic  c o n t r o l  i t s e l f  i s  mounted on 
the  brake and inc ludes  both a s e n s i t i v e  element and valve u n i t .  
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Systems which aa tomat i ca l ly  
ensure the most e f f e c t i v e  noqskid 
braking  have been developed and 
put  i n t o  use only very r e c e n t l y .  

2. Cons t ruc t ion  and Opera t ing  
P r i n c i p l e  o f  the  Elee t ro-  
i n e r t i a l  C o n t r o l l e r  and t h e  
Di rec t  Acting Automatic 
C o n t r o l l e r  

One of  t he  wide ly  used 
e l e c t  r o i n e r t  i a l  can t  r o l l e r  des igns  
is  shown i n  Figure 9.2 and 
ope ra t e s  as fol lows.  During 
a i r p l a n e  landing  r o l l o u t ,  wheel 

Figure 9.2. Constrbct ion of r o t a t i o n  is  t r a n s m i t t e d  through 
gea r ing  t o  t he  spider 3 and then  e l e c t r o i n e r t i a l  c o n t r o l l e r .  

t o  the shaft 4. The shaft 4 1- s top ;  2- l i m i t  switch;  3- 
s p i d e r ;  4- s h a f t ;  5- s l eeve ;  
6- flywheel; 7- s p r i n g  loaded t r a n s m i t s  t he  r o t a t i o n  through 

t h e  plunger  8 t o  t h e  s l e e v e  5, c l u t c h ;  8- plunger;  9- sp r ing ;  
10- shaft;  11- l e v e r ;  12- 
sp r ing ;  13- b o l t .  which i s  coupled through t h e  

f lywheel  6. 
t he  s l eeve  5 and a c t s  as a r a t c h e t .  I n  the  absence of sk idding ,  
t h e  flywheel 6 r o t a t e s  synchronously w i t h  t h e  wheel w i t h  rpm equal  
t o  

s p r i n g  loaded c l u t c h  7 wi th  the  
The s p r i n g  loaded c l u t c h  7 couples the  f lywheel  6 with 

nf l  = i nw,  

where 1 i s  t h e  gear  r a t i o  from t h e  wheel t o  the  c o n t r o l l e r .  

The flywheel k i n e t i c  energy 
2 

Jf f f  1 = -  
KW 2 (9.14) 

where Jflis t h e  flywheel moment of i q e r t i a  and wfl= (nnw/30)i  is  

t h e  flywheel angular  v e l o c i t y .  
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Figure  9 . 3 .  Act iva t ion  mechanism 
f o r c e  diagram. 

A s  t h e  wheel begins  sk idding ,  
t h e  rpm o f  t h e  s h a f t  4 ,  r i g i d l y  
coupled w i t h  t h e  wheel, d e c r e a s e s  
s h a r p l y ;  A s  a r e s u l t  o f  i n e r t i a ,  
t he  f lywheel  and a t t a c h e d  s l e e v e  5 
lead t h e  shaf t  an3  c r e a t e  an  
a n g u l a r  e r r o r  o f  magnitude a 
(F igu re  9.3) .  The s l e e v e  5, 
having a threaded s u r f a c e  a t  the  
p o i n t  of c o n t a c t  w i th  t h e  
p lunger  8, causes  a x i a l  p lunger  

displacement whose magnitude i s  p r o p o r t i o n a l  t o  the  h e l i x  r ise ang le  
6 and t h e  ang le  a. The p lunger  8 d i s p l a c e s  t he  l e v e r  11 which, as it 
r o t a t e s  on t h e  shaft 10,  a c t u a t e s  t h e  l i m i t  sw i t ch  2 by t h e  head o f  
t h e  b o l t  13 and a p p l i e s  a n  e l e c t r i c a l  p u l s e  t o  t h e  e iec t rom2gnet ic  
braka release valve.  

After a c t u a t i o n ,  the l e v e r r e a c h e s  t h e  s t o p  1 and ho lds  the  l i m i t  
sw i t ch  c losed  u n t i l  e i t he r  t h e  s k i d  t e r m i n a t e s  and t h e  a n g u l a r  e r r o r  
disappears, o r  t he  f l y w h e e l  l o s e s  a l l  i t s  k i n e t i c  energy because o f  /133 
f r i c t i o n  as it r o t a t e s  on the  s l e e v e  5. After t h i s ,  t h e  s p r i n g  1 2  
r e t u r n s  t h e  l e v e r  11 and p lunger  8 t o  t he  o r i g i n a l  p o s i t i o n  and 
e l e c t r i c a l  s i g n a l  t r ansmiss ion  t e rmina te s .  

Analysis  o f  t he  e l e c t r o i n e r t i a l  c o n t r o l l e r  reduces  t o  de te rmining  
i t s  basic des ign  parameters - flywheel moment of  i n e r t i a  and f r i c t i o n  
c l u t c h  to rque  - from t h e  i n i t i a l  data: t h e  t h e o r e t i c a l  d e c e l e r a t i o n  
a t  which l i m i t  switch a c t u a t i o n  should occur  and t h e  f o r c e  necessary  
f o r  swi tch  a c t u a t i o n .  

The p lunger  f o r c e  r e q u i r e d  f o r  swi t ch  a c t u a t i o n  i s  

P = i z P 1 ,  
P 

where PI i s  t h e  f o r c e  r e q u i r e d  t o  a c t i v a t e  t h e  switch and compress 

t h e  r e t u r n  s p r i n g ;  iz is  t h e  l e v e r  gear r a t i o .  
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From examination of the force diagram (see Figure 9.3) 
without accoun% f o r  f r i c t i o n  

where T is the  component of the  normal p r e s s u r e  N of t he  plunger 
8 on the  helical  s u r f a c e  of t h e  s l eeve  5. 

With account for f r i c t i o n ,  the  plunger  f o r c e  w i l l  be: 

where p is  the  f r i c t i o n  angle  w i t h  t h e  s l e e v e  s l i d i n g  r e l a t i v e  t o  
the plunger .  

The f o r c e  component 

. 'Ab I-=-  - I '  

where Ma i s  t h e  f r i c t i o n  moment on t h e  s l eeve  as t h e  f l y w h e e l  

sl ides over  it ( f r i c t i o n  c l u t c h  moment); r i s  t h e  f o r c e  r a d i u s  of  
a c t i o n .  

For a given des ign  d e c e l e r a t i o n  

T = -  J f l  
r 'dd 

where Edd i s  t h e  des ign  angular  d e c e l e r a t i o n  a t  a c t s a t i o n .  

S u b s t i t u t i n g  t h e  f o r c e  component (9 .16)  i n t o  (9.151, w e  o b t a i n  
- 
f l  

'dd P = - t g  (900 - B - P r 
o r  
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hence 

The ang le  8 is  s e l e c t e d  from c o n s t r u c t i o n a l  c o n s i d e r a t i o n s  
( u s u a l l y  B = 25O) and the  ang le  p i s  determined by the  p lunger  and 
s l e e v e  material. 
l i m i t  switch a c t u a t i o n .  We take 

The f r i c t i o n  c l u t c h  moment Ma must ensu re  p o s i t i v e  

where k = 1 .5  - 2.5 is  t h e  s a f e t y  f a c t o r .  The p u l s e  du ra t ion :  

Jfl(ur-u) 
T =  ~- 

M i  

where u is  the  f lywheel  a n g u l a r  v e l o c i t y  at t h e  i n s t a n t  t h e  wheel 

starts sk idding;  and w i s  the  flywheel angu la r  v e l o c i t y  a t  t h e  
i n s t a n t  t h e  wheel s t o p s  sk idding .  

0 

I n  t h i s  c a s e ,  the  maximal p u l s e  d u r a t i o n  w i l l  be ,  when oa-- 
and w = 0, t h e n  

The e l e c t r o i n e r t i a l  c o n t r o l l e r  Izsponse  speed is  c h a r a c t e r i z e d  
by the time f o r  t h e  f l y w h e e l  t o  r o t a t e  r e l a t i v e  t o  t h e  s l e e v e  through 
t h e  ang le  necessary  f o r  swi tch  a c t u a t i o n .  The c o n t r o l l e r  Yrsponse 
speed i n c r e a s e s  w i t h  r educ t ion  of t h e  f lywheel  r o t a t i o n  angl-.  

An example of a d i r e c t  a c t i n g  c o n t r o l l e r  i s  t h e  Maxaret u n i t  
made by Dunlop, which 4 s  widely  used on c e r t a i n  passenger a i r p l a n e s  
i n  Western Europe. 

A schematic o f  tile c o n t r o l l e r  i s  shown i n  F igure  9.4. A s  t h e  

a i r p l a n e  t r a v e l s  oiler t h e  runway, the  r o l l e r  1 w i t h  rubber  r i m  
r o t a t e s  i n  t h e  b a l l  bea r ings  4 because of d i r e c t  c o n t a c t  w i t h  t he  
wheel r i m  9 .  The f l y w h e e l  2 l i n k e d  w i t h  t h e  r o l l e r  1 by t h r e e - c o i l  
c y l i n d r i c a l  s p r i n g  3 r o t a t e s  t o g e t h e r  w i t h  t h e  r o l l e r .  I n  Lhe 



return 

pressure 
n. - 

Figure  9.4. Maxaret d i r e c t  a c t i n g  a n t i s k i d  c o n t r o l l e r .  
1- r o l l e r ;  2- flywheel; 3- s p r i n g  loaded c l u t c h ;  4- b a l l  bear ing;  
5- p l a t e ;  6- balls; 7- s l e e v e ;  8- sp i r a l  sp r ing ;  9- wheel r i m ;  
10- p lunger ;  11- spr ing ;  12- arm; 13- l i n k ;  14- l e v e r .  

absence of  sk idd ing ,  t he  c o n t r o l l e r  r o l l e r  and flywheel r o t a t e  
synchronously w i t h  the wheel. When a s k i d  develops,  the  f lywheel  
begins  t o  lead t h e  r o l l e r ,  r o t a t i n g  through a d e f i n i t e  angle and 
thereby  winding up the  s p i r a l  s p r i n g  8. The sp i ra l  s p r i n g  r o t a t i o n  
ang le  and t o r s i o n a l  f o r c e  are p r o p o r t i o n a l  t o  t h e  r o l l e r  decelera- 
t i o n .  As t h e  f lywheel  r o t a t e s ,  the  ‘alls  6 ,  r e t a i n e d  i n  t h e  p l a t e  
5,  begin t o  d i s p l a c e  among t h e  s l o p i n g  s u r f a c e s  of t h e  s l e e v e  7,  
coupled wi th  t h e  r o l l e r .  As t h e  ba l l s  d i s p l a c e  a long  t h e  s l e e v e  
ramps, t h e y  a l s o  displace a x i a l l y ,  which s h i f t s  t h e  p lunger  1 0  t o  
the  l e f t .  As the  p lunger  d i s p l a c e s ,  it r o t a t e s  t h e  l e v e r  1 4  which 
is connected by t h e  l i n k  1 3  w i t h  t h e  va lve  mechanism arm 12 .  I n  
the  absence of  sk idding ,  the  o u t l e t  va lve ,  connected w i t h  the  r e t u r n  
l i n e ,  i s  c l o s e d ,  w h i l e  t he  i n l e t  va lve  i s  open and p r e s s u r e  from t h e  

brake  r educ t ion  va lve  passes f ree ly  i n t o  t h e  brake.  I f  t h e  wheel 
sk ids ,  the  i n l e t  va lve  c l o s e s  and t h e  o u t l e t  va lve  opens,  connec t ing  
the  brake s y s t e m  w i t h  t h e  r e t u r n  l i n e .  The flow s e c t i o n s  of  t h e  
i n l e t  and o u t l e t  va lves  are made small i n  o r d e r  t o  avoid  abrupt  
p r e s s u r e  change i n  t h e  brake. 

The c o n s t r u c t i o n  of  t h e  l e v e r  mechanism i s  -uch t h 3 t  t he  o u t l e t  
valve opening depends on the  wheel angu la r  d e c e l e r a t i o n .  I f  t h e r e  
is a l a r g e  d e c e l e r a t i o n ,  t h e  o u t l e t  vz iqe  has a l a r n e  d isp lacement ,  
which i s  accomplished by a d d i t i o n a l  displacement  of t he  s p r i n g  
loaded suppor t  11. When sk idd ing  s t o p s ,  t h e  f l y w h e e l  i s  r e t u r n e d  



t o  t h e  i n i t i a l  p o s i t i o n  by the  
s p i r a l  sp r ing .  The brake  release 
p u l s e  hold  t i m e  i n  t h i s  c o n t r o l l e r  
i s  three  t o  fou r  seconds and t h e  
c o n t r o l l e r  a c t u a t i n g  frequency 
i n  t h e  system u s u a l l y  v a r i e s  
from 1il t o  20 Hz. 

The p rocesses  t a k i n g  p l a c e  
i n  t h e  a n t i s k i d  s y s t e m  can be 

F igu re  9.5 shows the  p rocess  
o f  wheel s k i d  i n i t i a t i o n  and 

Figure  9.5. Operat ion of s y s t e m  r e p r e s e n t e d  g r a p h i c a l l y .  
w i th  e l e c t r o i n e r t i a l  c o n t r o l l e r .  

s k i d  e l i m i n a t i o n  by a s y s t e m  w i t h  e l e c t r o i n e r t i a l  c o n t r o l l e r .  T1.e 
o r d i n a t e s  are: 

% = brak ing  moment; u 

c o n t r o l l e r  shaft angu la r  d e c e l e r a t i o n ;  ufl  = c o n t r o l l e r  flywheel 
angu la r  v e l o c i t y .  

ww = wheel a n g u l a r  v e l o c i t y ;  Mtb = t r a c t i o n  moment; 

= c o n t r o l l e r  e l e c t r i c a l  pLlse ;  w s  = C 

The process  time T is p l o t t e d  a long  t h e  a b s c i s s a .  I n  the  
absence of  sk idd ing ,  t h e  wheel r o t a t e s  w i t h  t h e  d e c e l e r a t i o n  

t o  which corresponds cons t an t  d e c e l e r d t i o n  of  t h e  e m t r o l l e r  shaft /135 
and f lywheel  c S .  

and t h e  shaf t  and f lywhee l  angu la r  v e l o c i t y  uf l  is l inear.  

The r educ t ion  o f  t h e  wheel angu la r  v e l o c i t y  ww 

When, f o r  any reason ,  t he re  i s  change o f  t h e  moments MtI, and Mb, 

t he  new d i f f e r e n c e  AM causes  change of t h e  c o n t r o l l e r  i npu t  shaf t  
d e c e l e r a t i o n .  T h i s  leads t o  t r i gge r ing  o f  t h e  sens ing  element and 
t r ansmiss ion  of an e l e c t r i c a l  p u l s e  f o r  b rake  r e l e a s e  (see Figure  
9.5,  p o i n t  1). Because of  s y s t e m  l a g ,  t h e  b rak ing  moment beglns  t o  
decrease  a f t e r  some time i n t e r v a l  T ~ ,  d u r i n g  which tnere  is f u r t h e r  

i n c r e a s e  of t h e  b rak ing  moment, r e d u c t i o n  of  t he  t r a c t i o n  moment, 
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0- t 
0 .  .. 

Figure 9.6. V a r i a t i o n  o f  
b rak ing  moment l'$ ( a )  and 

and i n c r e a s e  o f  the d e c e l e r a t i o n  
The angu la r  v e l o c i t y  ww 5 3 '  

dec reases  sha rp ly .  A t  p o i n t  2, 
t h e  b rak ing  moment beg ins  t o  
decrease  and, t h e r e f o r e ,  t h e  
d i f f e r e n c e  moment -AM decreases 
i n  a b s o l u t e  magnitude, a l t e r i n g  
t h e  n a t u r e  o f  t h e  wheel a n g u l a r  
v , . l oc i ty  decrease  (segment 2 - 3 ) .  
As soon as t h e  t r a c t i o n  moment 
becomes larger t h a n  the b rak ing  
moment ( t o  t h e  r i g h t  o f  p o i n t  31, 

r e l a t i v e  s l i p  6s1 ( b )  d u r i n g  t h e  wheel begins  t o  speed up 
o p e r a t i o n  of s y s t e m s  wi th  
d i f f e r e n t  response speed. 

under t h e  a c t i o n  o f  t he  moment 
d i f f e r e n c e  +AM. Electr ical  
p u l s e  output  s t o p s  as soon as 

t h e  a n g u l a r  e r r o r  i n  t he  c o n t r o l l e r  s e n s i n g  mechanism d i s a p p e a r s  
( p o i n t  4 ) .  However, because o f  the  s y s t e m  l a g ,  t h e  braking  moment 
con t inues  t o  dec rease  f o r  some t i m e  and t h e n  a g a i n  i n c r e a s e s  t o  

t h e  o r i g i n a l  va lue .  T h i s  f i g u r e  r e f l e c t s  t h e  p a t t e r n  o f  the  p rocesses  
t a k i n g  p l a c e  i n  the case  of  a s i n g l e  sys tem a c t u a t i o n .  I f  t he  

sk idd ing  regime con t inues  f o r  a long  time, t h e  system w i l l  :!perate - /137 
cont inuous ly  d u r i n g  the  b rak ing  p rocess ,  r e p e a t i n g  the  cyc le  
desc r ibed  above w i t h  a frequency on t h e  o r d e r  of  5 - 10 Hz. The 
r e s p n s e  speed of t h e  e n t i r e  system determines,  t o  a cons ide rab le  
deccee, she brak ing  e f f e c t i v e n e s s .  F igu re  9.6 shows t h e  b rak ing  
rnJrnpnt v a r i a t i o n  f o r  o p e r a t i o n  of  sys tems w i t h  d i f f e r e n t  response 
speed: T1 is  

of t h e  second 

The time 

of  the  curves  

the  time lag o f  t h e  f i r s t  system; T~ i s  t h e  t ime lag 

sys tem;  dS1 I s  the  r e l a t i v e  s l i d i n g .  

l a g  T~ i s  s h o r t e r  t han  il. We see from comparison 

t h a t  r educ t ion  o f  t h e  s y s t e m  l a g  leads t o  i n c r e a s e  
o f  t h e  t r i g g e r i n g  frequency and r educ t ion  of t h e  Mb o s c i l l a t i o n  

ampli tude,  which i n c r e a s e s  t h e  average braking  moment Mb and  

reduces  t h e  r e l a t i v e  s l i d i n g  dS1. 

153 



The o v e r a l l  time lag T is made up of  t he  c o n t r o l l e r  time l a g  T ~ ,  

a c t u a t o r  time lag T ~ ,  and t i m e  lag T of  t h e  sys t em i t s e l f ,  i . e . ,  3 
t = TI + 0 +4 

These time lags f o r  e x i s t i n g  s y s t e m s  are approximately T~ t 

0.01 - 0.02 s e c ,  T = 0.02 - 0.04 s e c ,  and T - 0.02 - 0.04 sec. 2 3 -  

Accordingly,  t he  o v e r a l l  time lag is i n  t h e  range T = 0.05  - 
0.10 sec .  With t h i s  va lue  of T ,  the b rak ing  moment o s c i l l a t i o n  
amplitude can amount t o  20 - 40%. 

A no less important  f i a L t O r  i n f l u e n c i n g  b rak ing  e f f e c t i v e n e s s  
i s  c o n t r o l l e r  s e n s i t i v i t y ,  by which w e  mean t h e  magnitude of the  
d e c e l e r a t i o n  cS necessary  f o r  c o n t r o l l e r  t r i g g e r i n g  and t r ansmiss ion  

of  the  brake release p u l s e  t o  the  a c t u a t f n g  mechanism. The i n f l u e n c e  
c f  c o n t r o l l e r  s e n s i t i v i t y  on t h e  o s c i l l a t i o n  ampli tude is seen  i n  
F igure  9.5.  When the  c o n t r o l l e r  t r a n m i t s  a brake release p u l s e  
w i t h  the  r e g u l a t i o n  cS ( p o i n t  l), t h e  p u l s e  t r ansmiss ion  lag is T ~ ,  

while f o r  the  r e g u l a t i o n  s V S ,  the  lag  i s  T~ ( p o i n t  5 ) .  Here w e  have 

< c S ’  and ‘ 1 3  < ~ 4 .  
ES 

While t h e  lag T) ( t o g e t h e r  w i t h  t h e  l a g  T I )  dete2mines AM1, t h e  

l a g  ~4 ( a l s o  t o g e t h e r  w i t h  T I )  determines  nMl*, and AM1 < MIV. 

The q u a n t i t y  cS i s  found from t h e  formula 

E = i kcW,  
S 

where i i s  t h e  gear  r a t i o  from t h e  wheel t o  t h e  c o n t r o l l e r  s h a f t ;  k 

i s  t h e  s a f e t y  f a c t o r ;  and i s  the  wheel d e c e l e r a t i o n  which occurs  

when braking  without  sk idd ing  w i t h  maximal  p o s s i b l e  brak ing  moment. 
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Operat ing exper ience  shows tha t  c o n t r o l l e r  s e n s i t i v i t y  with 
k < 1.5 may lead t o  r educ t ion  of  b rak ing  e f f e c t i v e n e s s  because o f  
fa lse  t r i g g e r i n g s ,  while the  s e n s i t i v i t y  wi th  k > 3 qricreases t i r e  
wear without  s i g n i f i c a n t  brak ing  e f f e c t i v e n e s s  imp*ovement. The /138 ’ 

c h a r a c t e r i s t i c  Mb = f(-c) - t h e  dependence of % on brake a w l i c a t i o n  

and release time - i s  very important  f o r  system o p e r a t i n g  e f f e c t i v e -  
nes s .  

s lowly than  M t r ,  t h e  wheel brake may not  be  f u l l y  r e l e a s e d  when t h e  

I f ,  a f t e r  brake  release va lve  a c t u a t i o n ,  % dec reases  more 

pickup p u l s e  t e m i n a t e s .  

va lue  and the  wheel w i l l  be completely locked up. I n  des ign ing  
automatic  b rak ing  sys t ems ,  w e  must t r y  t o  ensu re  tha t  the maximal 
brake release p u l s e  hold  t i m e  i s  1.5 - 2 times longer  than  the  time 
f o r  % t o  decrease  from i t s  maximal va lue  t o  zero.  

excess ive  s t eepness  of t h e  Mb = f(-c) curve reduces the b rak ing  
diagrhm f u l l n e s s .  

I n  t h i s  c a s e ,  % i n c r e a s e s  t o  t he  o r i g i n a l  

However, 

T h  s m s i c i v i t y  o r  t he  minimal angu la r  d e c e l e r a t i o n  ( E ~  min 1 a t  

which the m n t r o l l e r  should not  a c t u a t e  i s  determined by t h e  maximal 
l i n e a r  airplaric: d e c e l e r a t i o n ,  which occurs  w i th  r e a l i z a t i o n  of t h e  
l i m i t i n g  t r a c t i o n  c o e f f i c i e n t .  

From the s p e c i f i e d  a i r p l a n e  l i n e a r  d e c e l e r a t i o n ,  w e  can f i n d  
t h e  c o n t r o l l e r  shaf t  d e c e l e r a t i o n  us ing  the  formula 

a s max 
= i k  9 

rd s min E 

where r is  the  dynamic wheel r o l l i n g  r a d i u s .  
d 

Since 

we o b t a i n  
1 = i k  - gPsi. 
rd ‘S min 
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3 .  Brake Systems and Ant i sk id  
Systems 

Ant i sk id  s y s t e m s  may be 

e i ther  s i n g l e  s i g n a l  o r  two- 
s i g n a l .  Most a i r p l a n e s  use 
s i n g l e  s i g n a l  sys tems,  i n  which 
an e l e c t r o i n e r t i a l  c o n t r o l l e r  
r e a c t s  on ly  t o  wheel angu la r  
d e c e l e r a t i o n .  Two-signal s y s t e m s ,  
i n  which t h e  c o n t r o l l e r  r e a c t s  
not  only t o  wheel angu la r  decel- 

C o n t r o l l e r .  e r a t i o n  (f irst  s i g n a l )  bu t  a l s o  
1- reduc t ion  valve;  2 ,  9- t o  the  angu la r  v e l o c i t y  (second 

Figure 9.7. S i n g l e  s i g n a l  
sys tem w i t h  e l e c t r o i n e r t i a l  

e lec t romagnet ic  va lves ;  3- 
nose wheel; 4, 7- e l e c t r o -  

- 

s i g n a l )  have r e c e n t l y  been 
i n e r t i a l  c o n t r o l l e r s ;  5- manual i n t roduced  on s G m e  a i r p l a n e s .  
swi tch ;  6- re lay c o i l ;  8- main 
wheel; 10 -  d i f f e r e n t i a l .  The e l ec t romagne t i c  va lve  

r e c e i v e s  t h e  second brake release 
s i g n a l  when t h e  e l e c t r i c a l  p u l s e  from the  first s igna l  t e rmina te s .  
Use of t h e  two-signal system improves brak ing  safe ty ,  p a r t i c u l a r l y  
a t  t h e  f i r s t  i n s t a n t  a f t e r  touchdown, when t h e  a i r p l a n e  wheels do 
no t  have adequate tr;:tion w i t h  t he  runway. 

F igu re  9.7 shows a s i n g l e  s i g n a l  s y s t e m  w i t h  e l e c t r o i n e r t i a l  
c o n t r o l l e r  f o r  a l ight  a i r p l a n e  w i t h  pneumatic t r i c y c l e  gear braking  
system. Compressed a i r  e n t e r s  t h e  brake  l i n e  from t h e  p r e s s u r e  I_ 1 1 3 9  
b o t t l e  through t h e  r educ t ion  va lve  1, then  passes through t h e  e l e c t r o -  
magnetic valve 2 t o  t h e  nose wheel b r a k e  3 and throilgh the  d i f f e r e n -  
t i a l  1 0  and va lves  9 t o  the  main wheel brakes 8. The e l e c t r i c a l  
power f o r  t h e  au tomat ic  a n t i s k i d  sys t em i s  turned  on and o f f  by t h e  

manual swi tch  5.  The wheel b r a k i n g  f o r c e  i s  r e g u l a t e d  by va ry ing  
t h e  brake p res su re  by d i s p l a c i n g  the  rod of t h e  va lve  1. B r a k i n g  
of  t h e  r igh t  o r  l e f t  wheel, r e q u i r e d  f o r  a i r p l a n e  c o n t r o l  on the  

ground when t a x i i n g  w i t h  t u r n s ,  o r  t o  p r e v e n t  t u r n s  when t a x i i n g  i n  
a s t r a igh t  l i n e ,  i s  accomplished by t h e  d i f f e r e n t i a l  10 ,  whose l e v e r  
i s  l i n k e d  w i t h  t h e  rudder  pedals.  Each wheel i s  equipped w i t h  an 
e l e c t r o i n e r t i a l  c o n t r o l l e r  7 t o  prevent  s k i d d i n g .  If one main wheel 
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s ta r t s  sk idd ing ,  t h e  c o n t r o l l e r  7 
of t h i s  wheel sends an  e l e c t r i c a l  
p u l s e  t o  both  main wheel 8 b r a k e  
release va lves  9 and t o  t h e  
winding  o f  r e l ay  6 .  Actuat ion 
o f  r e l a y  6 sends  an e l e c t r i c a l  
p u l s e  t o  t h e  nose wheel valve 2.  
Thus,  t h e  brakes o f  a l l  three 
wheels are released simultane-  
ous ly .  If t h e  nose wheel 3 Figure 9.8. Two-signal a n t i s k i d  

system. s t a r t s  t o  s k i d ,  i t s  c o n t r o l l e r  4 
1- valves ;  2 ,  3- swi tches ;  4- s ends  a s i g n a l  on ly  t o  t h e  nose 

wheel va lve  2. This  wheel b rake  unbraked wheel; 5- c e n t r i f u g a l  
c o n t r o l l e r ;  6- swi tch ;  7- 
c o n t r o l l e r ;  8- main wheel; 9- release sequence ensu res  t h e  
va lve .  r e q u i r e d  a i r p l a n e  s t a b i l i t y  

du r ing  l and ing  r o l l o u t .  

Figure 9.8 shows t h e  two-::igr,al a n t i s k l d  system of  an  is l rplane 
w i t h  b i c y c l e  l and ing  g e a r .  The main wheel 8 i s  braked ,  t h e  f r o n t  
wheel 4 is n o t  braked. 
t he  va lve  1 i n t o  t h e  n.-in wheel brake  l i n e .  On t h e  main wheel 8 
there i s  mounted the  c o n t r o l l e r  7 ,  having t h e  c o n t a c t s  A of t he  
s i n g l e  s i g n a l  e l e c t r o i n e r t i a l  r o n t r o l l e r  which r e a c t s  t o  wheel 
d e c e l e r a t i o n  and the  c o n t a c t s  B of  t h e  c e n t r i f u g a l  c o n t r o l l e r  which 
a c t u a t e s  a t  a g iven  w!ieel a n g u h r  v e l o c i t y .  The c o n t a c t s  C of t h e  
c e n t r l f l i g a l  c o n t r o l l e r  5 mounted on the  unbraked wheel '+ c l o s e  and 
open at a set f r o n t  wheel angu la r  v e l o c i t y .  The e l e c t r i c a l  c i r c u i t :  
(t), swi tches  3 and 2 ,  valve 9 ,  c o n t a c t s  A ,  and ( -1  i s  t h e  channel 
f o r  t r ansmiss ion  o f  t h e  f i rs t  s i g n a l  of t h e  s i n g l e  a i g n a l  system 
and t h e  c i r c u i t :  (t), swi t ches  3 and 2 ,  valve 9 ,  c o n t a c t s  B,  C, D, 
and ( - )  is  t h e  channel  f o r  t r ansmiss ion  o f  t h e  second s i g n a l .  I n  
f l i g h t ,  when t h e  f r o n t  gear shock s t r u t  i s  not  compressed, t h e  c o n t a c t s  
D o f  swi tch  6 are c losed ,  and when t h e  a i r p l a n s  l e  on t h e  ground 
and t h e  shock strut is compressed, these c o n t a c t s  are open. 

Compressed a i r  f lows from the b o t t l e  through - /140 
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The system o p e r a t e s  as fo l lows .  I n i t i a l l y ,  t he  manual swi tch  
3 i s  c lnsed ,  c o n t a c t s  B are c losed ,  and c o n t a c t s  A i  C ,  and D aye 
open. The e lec t romagnet ic  va lve  9 is de-energized and t h e  p r e s s u r e  
from the  r e d u c t i o n  -Jalve 1 can e n t e r  t h e  brakes f r e e l y .  When t h e  
nose gea r  shock s t r u t  ex tends ,  t h e  c o n t a c t s  3 ZlQse and t h e  second 
s i g n a l  c i r c u i t  i s  ready f o r  ope ra t ion .  P r i o r  to i a r . Z n g ,  p r e s s u r e  
is  c r e a t e d  i n  trle system by d i s p l a c i n g  t h e  rod of t h z  r3duct ion  
va lve  1. Then the pneumatic swi tch  2 c l o s e s  t h e  second s i g n a l  
c i r c u i t :  (t), c o n t a c t s  B and D ,  ( - )  through the  electromagnet  
winding o f  va lve  9 ,  as a r e s u l t  o f  which t h e  p res su re  does not 
e n t e r  t h e  brakes.  After touchdown, as soon as t h e  main wheel 
s p i n s  up t o  t he  set angu la r  v e l o c i t y ,  c o n t a c t s  B c’gen, va lve  9 
bpens, and a i r  under p r z s -  .re e n t e r s  t h e  brakes.  -4fter iioye wheel 
spinup,  c o n t a c t s  C c l o s e  and c v n t a c t s  D open ;.iter nose wheel shock 
s t r u t  compression. I f  t h e  wheel 8 s t a r t s  t o  s k i d ,  t h e  senso r  
r e a c t i n g  t o  d e c e l e r a t i o n  ( c o n t a c t s  A )  t r i g g e r s  first and the  
s g s t m  ope ra t e s  as a convent iona l  one-signal  system. I f  t h e  a i r -  
plane ba l lonns  o r  t h e  wheel 8 e n t e r s  a p r o t r a c t e d  s k i d ,  a f t e r  1 .5  
t o  2 seconds,  :he f i rs t  s i g n a l  p u l s e  from t h e  cont rc r l le r  7 t e r m l n a t e s ,  
c o n t a c t s  A open, and the  wheel begins  t o  slow down, but  eoes not  
come t o  a complete s t o p ,  s i r c e  as soon as t h e  wheel slows &own t o  
a set rpm, c o n t a c t s  B c l o s e  and the wheel 8 w i l l  be u n k a k e d  by  t h e  

s ecmd-s igna l  channel.  The s y s t e m  o p e r a t e s  as a two-signal s y s t e m  
t o  a speed of 50 - 70 km/hr. A t  speeds below 50 km/hr, c o n t a c t s  
C o f  c o n t r o l l e r  5 open, co i l tac t s  B of  c o n t r o l l e r  7 c l o s e  without  
e n e r g i z i n g  the  va lve  9 ,  and t h e  system ope ra t e s  as a s i n g l e  s i g n a l  
s y s t e m .  

Consider ing t h a t  t h e  aerodynamls c h a r a c t e r i s t i c s  o f  some a i r -  
p l anes  are such t h a t  t h e  load on t h e  whsels i n c r e a s e s  g radua l ly  
d u r i n g  the  l and ing  r o l l o u t ,  programmed inc rease  o f  t h e  brak ing  
p r e s s u r e  as a func t ion  of a i r p l a n e  speed becomes necessary .  T h i s  
is achieved by  u s ing  spec ia‘  e l e c t r i c a l  remote c o n t r o l  sys+.ems, or,e 
of which i s  shown i n  Figure 9 . 9 .  T h i s  system w i t h  programmed s t e p  
b y  s t e p  remote r e g u l a t i o n  o f  t h e  p re s su re  i n  t h e  brakes was developed 
f o r  an a i r p l a n e  having b i c y c l e  gear and braked f r o n t  whee3s. 
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Figure 9.9. B r a k e  system w i t h  programmed m u l t i s t 2 p  brake p r z s s u r e  
r e g u l a t i o n .  
1, 2 ,  3- swi t ch  7 o s i t i o n s ;  4- r e l a y ;  5- e l e c t r o h y d r a u l i c  reducer ;  
6 ,  7- c o n t r o l l e r s .  

The system o p e r z t e s  as fo l lows .  As the  a i r p l a n e  speed decreases 
dur ing  brakfng,  t h e  p i l o t  p l a c e s  the manual switch i n  t u r n  i n  t h e  
p o s i t i o n s  1, 2,  and 3 .  With t h e  aid o f  relay 4, t h e  e l ec t romagne t i c  
reducer  - creates brake p res su re :  p1 -magnet ic  I is  energ ized ,  

magriet I1 i s  energ ized ,  anC t h e n  p - both magnets are 22 - 3 
energized.  When t h e  swi tch  is  placed i n  t h e  ze ro  p o s i t i o n ,  there 
is  no brake p res su re ,  s i n c e ,  i n  t h i s  case, both  magnets are de- 
energ ized .  Mul t i s t age  p r e s s u r e  a c t i v a t i o n  makes i t  p o s s i b l e  t o  

o b t a i n ,  i n  each stage, a braking  moment which i s  p a r t  o f  t h e  

maximal value.  S ince  it is  not  p o s s i b l e  i n  p r a c t i c e  t o  main ta in  
t h e  skid-free braking  r e l a t i o n  Mb M t r  throughout t h e  l and ing  r o l l  

when us ing  m u l t i s t e p  r e g u l a t i o n ,  the  a n t i s k i d  s y s t e m  f i r s t - s i g n a l  
c o n t r o l l e r  6 w i l l  t r i g g e r  ( c o n t a c t s  A close) from time t o  time. I n  
t h i s  case ,  relay 4 de-e-prgizes e i t h e r  n.,qnet I o r  magnet I1 and 
the p res su re  dec7eases 3m p3 t o  p2, o r  from p2 t o  >1, i . e . ,  t o  

the preceding  value.  However, i f  t he  skid.  con t inues  w i t h  t h i s  
brake  p re s su re  r educ t ion ,  t h e  second-s igna l  c o n t r o l l e r  6 triggers 
a d  c o n t a c t s  B c l o s e ,  de-enzrgizing both magnets, and t h e  b r a k e  
pressure drops t o  zero .  

/ 1 4 2  
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Figure  9-10.  E l e c t r o n i c  a n t i s k i d  c o n t r o l l e r .  

F igu re  9.10 shows a s i n g l e - s i g n a l  e l e c t r o n i c  a n t i s k i d  c o n t r o l l e r  
u s i n g  semiconductor e lements .  The c o n t r o l l e r  c o n s i s t s  o f  i d e n t i c a l  
ampl i f i e r  t-ansformer channels ,  t h e  number o f  which corresponds t o  
t h e  number o f  t achgene ra to r s  i n s t a l l e d  on t h e  braked wheels. The 
c o n t r o l l e r  c o n s i s t s  o f  an  i n p u t  c i r c u i t  and a power ampl i f i e r .  The 
i n p u t  c i r c u i t  has a bridge rec t i f ie r  system (d iodes  D 1  - D4)- a 
c a p a c i t o r  C 1  which smooths the  rec t i f ied  v o l t a g e  p u l s a t i o n ,  a 
d i f fe ren t :a t ion  loop (C2R2R3 - D5D6Rin), and a v a r i a b l e  resistor 

R 1  f o r  s e n s i t i v i t y  r e g u l a t i o n .  The three-stage power amplif ier  i s  
a noncontact  semiconductor relay ( T l ,  T2) which c o n t r o l s  t h e  ou tpu t  
stage (T31 ,  T32), whose load  is the  e l ec t romagne t i c  brake release 
va lve  winding. A l l  f o u r  a m p l i f i e r  t r a n s i s t o r s  o p e r a t e  i n  t h e  
swi t ch ing  mode. The r e s i s t o r  R 1 0  and d iodes  D7, D9, and D 1 0  are 
used t o  b lock  the  composite power t r i o d e  (T31, T32) .  C o n t r o l l e r  
r e g u l a t i o n  s t a b i l i t y  wi th  tempera ture  v a r i a t i o n  is  achieved by 
us ing  deep feedback i n  t he  semiconductor relays and temperature-  
dependent b i a s i n g .  

I n  t h e  c a s e  of  s k i d - f r e e  brak ing ,  t h e  t r a n s i s t o r  T 1  is  
s h t u r a t e d ,  w h i l e  t h e  t r a n s i s t o r  T2 and t h e  composite ou tput  t r i o d e  
(T31, T32) are i n  the  c u t o f f  s tate;  therefore ,  t h e  e l ec t romagne t i c  
va lve  winding i s  de-energized ( i n  view o f  i t s  smal lness ,  the  r e v e r s e  
c o l l e c t o r  c u r r e n t  o f  t r a n s i s t o r  T32 i s  neg lec t ed )  and p r e s s u r e  i s  
supp l i ed  ';o t h e  brake. 

When a s k i d  develops,  t he  wheel angu la r  v e l o c i t y  and t h e  tach-  
g e n e r a t o r  vo l t age  decrease .  T h i s  causes  d i scha rge  o f  t h e  c a p a c i t o r  
C2, whose discharge c u r r e n t  c r e a t e s  on t h e  semiconductor relay inpu t  
r e s i s t a n c e  a vo l t age  p r o p o r t i o n a l  t o  wheel angu la r  d e c e l e r a t i o n  
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where Uin is t h e  r e l a y  inpu t  v o l t a g e ;  Id i s  the  discharge c u r r e n t  o f  

c a p a c i t o r  C2; Rin i s  the semiconductor r e l a y  i n p u t  r e s i s t a n c e ;  

i s  t h e  vo l t age  on the p l a t e s  o f  c a p a c i t o r  C2; ow is t h e  wheel 

angu la r  v e l o c i t y ;  tzw is t h e  wheel angu la r  d e c e l e r a t i o n ;  and kl an3  

k2 are p r o p o r t i o n a l i t y  c o e f f i c i e n t s ,  

uc* 

The r e l a y  i n p u t  v o l t a g e  causes  ava lanche- l ike  r e v e r s a l  (release) 
of t he  semiconductor r e l a y  c i r c u i t :  the  t r a n s i s t o r  T2 t r a n s i t i o n s  
t o  the c u t o f f  regime and t h e  t r a n s i s t o r  T1 and the  composite ou tput  
t r i o d e  (T31, T32) t r a n s i t i o n  t o  the  s a t u r a t i o n  regime. As a r e s u l t ,  
c u r r e n t  appears  i n  t h e  e l ec t r cmagne t i c  va lve  winding and the brake 

i s  released. If t h e  wheel speed i n c r e a s e s , t h e  t achgene ra to r  v o l t a g e  
i n c r e a s e s ,  d i scha rge  o f  c a p a c i t o r  C2 t e r m i n a t e s ,  r e v e r s a l  of t he  

r e l a y  a m p l i f i e r  takes p lace ,  and a i r  under p r e s s u r e  i s  supp l i ed  t o  
the  brake. However, i f  after brake release, the  wheel con t inues  t o  
l o s e  rpm, t h e  e l ec t romagne t i c  va lve  w i l l  remain energ ized  f o r  some 
t i m e ,  u n t i l  the  n e g a t i v e  p o t e n t i a l  c r e a t e d  an t h e  base o f  t r a n s i s t o r  
T1 by the  d i scha rge  c u r r e n t  o f  t h o  c a p a c i t o r  C2 dec reases  t o  a va lue  
a t  which noncontact r e l a y  " t r i g g e r i n g "  and output  t r i o d e  t r a n s i t i o n  
t o  t he  c u t o f f  regirie takes p l a c e ,  which leads t o  wheel brak ing .  
This time i s  determined by t h e  time cons tan t  of  t h e  c a p a c i t o r  C2 
d i s c h s r s e  c i r c u i t  ard by the  i n i t i a l  v o l t a g e  on t h i s  c a p a c i t o r .  

F igure  9.11 shows a remote c o n t r o l  e l e c t r o h y d r a u l i c  s y s t e m  
w i t h  e l e c t r i c a l  a n t i s k i d  c o n t r o l l e r .  The s y s t e m  c o n s i s t s  of  t h e  
p r e s s u r e  c o n t r o l l e r  2, e l e c t r o b l o c k  15,  e l e c t r o h y d r a u l i c  va lve  3 ,  
brake  release va lve  13,  and t h e  an t i s ic id  sys tem g e n e r a t o r  1 2 .  The 1 

p r e s s u r e  c o n t r o l l e r  2 is mounted i n  t he  cockp i t .  It i s  a t r ans fo rmer  
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Figure  9.11. E lec t rohydrau l i c  remote c o n t r o l  s y s t e m .  
1- pedal; 2- p r e s s u r e  c o n t r o l l e r ;  3- e l e c t r o h y d r a u l i c  valve;  4- 
core ;  5- feedback senso r ;  6- e lec t romechanica l  t r ans fo rmer ;  7- 
nozzle  f l a p p e r  u n i t ;  8- nozz le ;  9- c o n t r o l l i n g  chamber; 10- 
working spooi ;  11- e l e c t r o v a l v e ;  12- a n t i s k i d  sys t em gene ra to r ;  
13- brake release va lve ;  14-  c o n t r o l l i n g  chamber; 15- e l e c t r o b l o c k ;  
16- r e s i s t a n c e ;  17- output  winding; 18- magnetic a m p l i f i e r  winding; 
19- a n t i s k i d  system e l e c t r o n i c s ;  20- magnetic a m p l i f i e r ;  21- 
r e s i s t a n c e ;  22- feedforward arld feedback elements;  23- p r e s s u r e  
c o n t r o l l e r  co re ;  24- switch.  

w i t h  v a r i a b l e  t r ans fo rma t ion  r a t i o  (depending c '>rake pedal  t r a v e l )  
and secondary e l e c t . r i c  switch.  

The e l e c t r o b l o c k  15  c o n s i s t s  of three elements:  feedfoward 
and feedback e l e c t r i c a l  s y s t e m  2 2 ,  magnetic a m p l i f i e r  2 0 ,  and 
a n t i s k i d  s y s t e m  e l e c t r o n i c s  19. 

The e l e c t r o h y d r a u l i c  r educ t ion  va lve  3 i s  l o c a t e d  near t h e  

c o n s i s t s  of  t h e  e lec t romechanica l  t r ans fo rmer  6 ,  nozz le  f l a p p e r  u n i t  
7 - which c o n t r o l s  t h e  working spool  10,  e ? e c t r o v a l v e  11 which 
b locks  t h e  hydrau l i c  p re s su re  i n  o r d e r  t o  e l i m i n a t e  f l u i d  flow 
through t h e  nozz le s  and connects  ..&e braKe w i t h  t h e  r e t u r n  l i n e  when 
t h e  brake pedal 1 i s  not  depressed, and a l s o  t h e  feedback senso r  5 

/ 1 4 4  b r a k e s ,  as a r u l e ,  i n  t he  gea r  w e l l .  The e l e c t r o h y d r a u l i c  va lve  - 
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i n  t he  reduced p r e s s u r e  l i n e .  The brake release va lve  13 i s  i n s t a l l e d  
i n  the gear w e l l  and releases t h e  p r e s s u r e  from the  brakes d u r i n g  
a n t i s k i d  system ope ra t ion .  The a n t i s k i d  system g e n e r a t o r  1 2  I s  
mounted on t h e  wheel brake and i s  a DC o r  AC g e n e r a t o r  which p u t s  
ou t  a v o l t a g e  p r o p o r t i o n a l  t o  wheel rpm. The s y s t e m  i s  suppled 
36 V 400 Hz AC and 27 V DC. 

When the  pedal  1 i s  depressed, t h e  swi tch  24 c l o s e s ,  t h e  e l e c t r o -  
va lve  11 s u p p l i e s  h y d r a u l i c  f l u i d  t o  t h e  nozz le s  8, and t h e  c o n t r o l  
chambers 9 and 1 4  o f  the  spoo l  10. I f  the c u r r e n t s  ( i n  o p p o s i t e  
d i r e c t i o n s )  i n  t he  r e s i s t a n c e s  16 and 2 1  are equa l ,  t he  p o t e n t i a l  
d i f f e r e n c e  a c r o s s  the  magnetic a m p l i f i e r  ou tput  winding 17 is equa l  
t o  zero.  The f l a p p e r  i s  i n  the c e n t e r  p o s i t i o n ,  t h e  p r e s s u r e s  on 
the ends o f  t he  spoo l  10  are e q u a l ,  and f l u i d  does no t  e n t e r  t h e  
brakes. 

- /145 

With f u r t h e r  movement o f  t he  peda l  and displacement  o f  t h e  
core  23, the  p r e s s u r e  c o n t r o l l e r  2 changes i t s  t r ans fo rma t ion  r a t i o ,  
as a r e s u l t  o f  which the  e q u i l i b r i u m  of  the  c u r r e n t s  f lowing through 
the  r e s i s t a n c e s  16 and 2 1  i s  d i s r u p t e d  and a n  error c u r r e n t  propor- 
t i o n a l  t o  t h e  d i f f e r e n c e  of  the c o n t r o l l e r  2 and feedback s e n s o r  5 
s i g n a l s  appears i n  t h e  output  winding 17.  The e r r o r  c u r r e n t  is  
amplified by  t h e  magnetic a m p l i f i e r  20. The ampl i f i ed  s i g n a l  is  
app l i ed  t o  t h e  winding of  t r ans fo rmer  6. The f l appe r  d i s p l a c e s  and 
t h e  p r e s s u r e  i n c r e a s e s  i n  chamber 9 and dec reases  i n  chamber l a .  
Under t he  i n f l u e n c e  o f  t h e  p r e s s u r e s  i n  chambers 9 and 1 4 ,  t h e  spoo l  
1 0  d i s p l a c e s ,  connec t ing  the brake l i n e  w i t h  t h e  hydrau l i c  sys t em.  
The reduced p r e s s u r e  d i s p l a c e s  t h e  core  4 o f  the feedback senso r  5, 
t h u s  changing t h e  s e n s o r  t r ans fo rma t ion  r a t i o .  Equi l ibr ium of t h e  
c u r r e n t s  i n  t h e  r e s i s t a n c e s  16 and 2 1  i s  re-established, t he  err'or 
c u r r e n t  d i sappems ,  t h e  f lapper  r e t u r n s  t o  t h e  o r i g i n a l  p o s i t i o n ,  
e q u a l i z i n g  the  p r e s s u r e s  i n  chambers 9 and 1 4 .  Yhe spQol  1 0  r e t u r n s  
t o  + e o r i g i n a l  p o s i t i o n .  Thus, a p r e s s u r e  p r o p o r t i o n a l  t o  p r e s s u r e  
c o n t r o l l e r  rod displacement  is established i n  t h e  wake l i n e .  
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When the pedal  1 is  released, t h e  p rocess  d e s c r i b e d  above is  
repea ted  w i t h  t h e  d i f f e r e n c e  t h a t  c u r r e n t  f lows through the winding 
of t ransformer  6 i n  the  oppos i t e  d i r e c t i o n  and the  f i n p p e r  d i s p l a c e s  
i n  the o t h e r  d i r e c t i o n  from the  n e u t r a l  p o s i t i o n .  The reduced 
p r e s s u r e  w i l l  decrease. 

I f  t he  wheel sk ids  more than  t h e  set amount, t h e  s i g n a l  of  t h e  
g e n e r a t o r  12 is  t ransformed i n  t h e  b rak ing  c o n t r o l l e r  19 i n t o  a 
c o n t r o l  s i g n a l  which i s  a p p l i e d  t o  t h e  brake release va lve  13. A t  
the  same t i m e ,  t h e  brake release s i g n a l  i s  appl ied  t o  a c o r r e c t o r ,  
from which it e n t e r s  the magnetic amplif ier  winding 18. 
from t h e  c o r r e c t o r  a c t s  on t h e  magnetic ampl i f i e r  ou tput  c u r r e n t ,  
reducing  t h e  brake p res su re .  With t h e  next  a c t u a t i o n  of the  con t ro l -  
l e r ,  there i s  ano the r  r educ t ion  o f  t h e  braKe p r e s s u r e ,  and so  on, 
u n t i l  the opt imal  p=essure i s  established i n  the s y s t e m .  If the  
wheel t r a c t i o n  w i t h  t he  ground i n c r e a s e s  and t h e  c o n t r o l l e r  s t o p s  
t r i g g e r i n g ,  t h e  p r e s s u r e  i n c r e a s e s  smoothly t o  t h e  magnitude commanded 
by the p i l o t .  

The s i g n a l  

The s y s t e m s  desc r ibed  above are no t  designed t o  main ta in  t h e  
brak ing  regime i n  the  l i m i t i n g  t r a c t i o n  c o e f f i c i e n t  zone. These 
are relay t y p e  sys tems wi th  a c t u a t i n g  va lve  o p e r a t i n g  on the  OPEN- 
CLOSED p r i n c i p l e .  O s c i l l a t i o n s  o f  t h e  brake p r e s s u r e  and braking  /146 
moment about the  average va lue  are c h a r a c t e r i s t i c  f o r  such s y s t e m s  
when o p e r a t i n g  i n  t h z  s k i d  regime. Such sys t ems  have a q u i t e  d e f i n i t e  
percentage  o f  loss, whfch, i n  t h e  f i n a l  a n a l y s i s ,  leads t o  some 
i n c r e a s e  of  t h e  a i r p l a n e  b rak ing  d i s t a n c e .  The l o s s e s  can be 

reduced by dec reas ing  the  p r e s s u r e  o s c i l l a t i o n  i n  t h e  brakes b y  

t h r o t t l i n g  t h e  braicz f l u i ?  o r  a i r  e n t r y  and d i scha rge  o r  by 
i n c r e a s i n g  the  sys tem a c t u a t i o n  frequency i n  t h e  s k i d  regime by 
i n c r e a s i n g  i t s  response speed. However, exper ience  has shown t h a t  

even the  fastest  a c t i n g  e x i s t i n g  sys tem w i t h  d i r e c t  a c t i n g  a n t i s k i d  
c o n t r o l l e r  i s  not  f ree  of  t h i s  drawback. 

One p o s s i b l e  s o l u t i o n  o f  t h e  problem of f u r t h e r  brak ing  
e f f e c t i v e n e s s  i n c r e a s e  i s  t h e  brak ing  s y s t e m  of  t h e  t y p e  u s e d  i n  
the RS-70 a i r p l a n e .  The computer of t h i s  s y s t e m  (F igu re  9 . 1 2 )  
r e c e i v e s  a s t r a i n  gauge s i g n a l  p r o p o r t i o n a l  t o  t h e  brak ing  moment Mb 
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Figure 9.12. Airplane automatic  b rak ing  s y s t e m .  
1, 2- o and Mb sensors ;  3- computer; 4- amplifier;  5- computer; 
6-  e l e c t r o h y d r a u l i c  va lve ;  7- unbraked wheel; & -  unbraked angu la r  
v e l o c i t y  senso r  wub; 9- brake ;  10- braked wheel. 

b 

and a s k i d  s i g n a l  6 ,  obta ined  us ing  an unbraked wheel 7 mounted 
on the same bogie where t h e  main braked wheels are i n s t a l l e d .  

I n  o r d e r  t o  o b t a i n  t h e  necessary  angu la r  v e l o c i t y  s i g n a l s ,  
t h e  s e n s o r  1 i s  mounted on t h e  braked wheel and t t ’  senso r  8 - 
on t h e  unbraiced wheel. The s y s t e m  o p e r a t e s  as fol lows.  During 
braking,  the s i g n a l s  from senso r s  1 and 8, corresponding t o  t h e  
angu la r  v e l o c i t i e s  ub and uUb, e n t e r  t h e  computer 3 where they  are 

t ransformed i n t o  an output  s i g n a l  p r o p o r t i o n a l  t o  t h e  s k i d  magnitude 
6 .  The s i g n a l  from senso r  2 ,  i n s t a l l e d  on t h e  b r a k e ,  corresponding 
t o  t he  magnitude o f  t h e  brak ing  moment Mb,  e n t e r s  t h e  a m p l i f i e r  4 

and t h e n  the  computer 5 ,  t o  which the  s i g n a l  6 i s  a p p l i e d  c t  t h e  
same t i m e .  

s i g n a l  d%/d6, which, w i t h  i n c r e a s e  of  6 ,  may have e i t h e r  a p l u s  

s i g n ,  when t h e  moment Mb I n c r e a s e s ,  o r  a minus sign, when Mb 

decreases .  

which then  c o r r e c t s  %he b r e a k  

braking i n i t i a t i o n ,  t h e  p re s su re  e n t e r s  t h e  brake from t h e  b rake  

r edkc t ion  valve through t h e  va lve  6 ,  whose spool  i s  s h i f t e d  somewhat 

- /147 

The computer 5 t ransforms t h e  s i g n a l s  Mb and 6 i n t o  t h e  

The s i g n a l  dMb/dS e n t e r s  t h e  e l e c t r o h y d r a u l i c  valve 6 ,  

p r e s s u r e  pb i n  t h e  b r a k e  9 .  A t  
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t o  t h e  r igh t .  The i n c r e a s e  o f  t h e  moment w i l l  cause  r educ t ion  o f  
d%/db t o  zero .  

causes  t he  spoo l  t o  s h i f t  t o  t h e  l e f t .  With a ze ro  va lue  of  
dMb/db, the  spool  w i l l  be i n  t he  n e u t r a l  p o s i t i o n ,  the  b rake  

chamber i s  i s o l a t e d  and is not  connected with e i the r  the  r educ t ion  
va lve  o r  the r e t u r n  l i n e .  
p r e s s u r e  feedback of  t h e  n o z i l e  f l a p p e r  type .  The f l a p p e r  i s  
c o n t r o l l e d  by an e l ec t romechan ica l  t r ans fo rmer .  The t r ans fo rmer  
armature r o t a t i o n  angle  a is  d i r e c t l y  p r o p o r t i o n a l  t o  the  c o n t r o l l i n g  
c u r r e n t  IC = kdMb/d6. 

I n  t h i s  case, the  c o n t r o l  s i g n a l  dec reases  and 

The va lve  6 i s  a hydrau l i c  a m p l i f i e r  w i t h  

Consequently, f o r  T / d 6  = 0 ,  a = 0 and the spoo l  i s  i n  t h e  

c e n t e r  p o s i t i o n ;  f o r  +(d%/db)max, t h e  armature has  t he  maximal 

d e f l e c t i o n  ang le  +amax, cor responding  t o  t h e  extreme r ight-hand 

spool  p o s i t i o n .  

which s h i f t s  the  spoo l  t o  t h e  l e f t  and opens the  b rake  chamber t o  
the r e t u r n  l i n e .  T h i s  co r rec t2on  s y s t e m  makes it p o s s i b l e  t o  main- 
t a i n  t he  brake p r e s s u r e  i n  t h e  zone d%/d6 = 0 ,  which corresponds 

t o  t h e  l i m i t i n g  t r a c t i o n  c o e f f i c i e n t  zone. 

For -(d%/db) ,  t h e  armature r o t a t i o n  ang le  i s  -a, 

Since  the l i m i t  t r a c t i o n  c o e f f i c i z n t  corresponds t o  a d e f i n i t e  
r e l a t i v e  s l i d i n g  zone, it i s  p o s s i b l e  t o  create sys t ems  of q u i t e  
high e f f e c t i v e n e s s ,  based on ma in ta in ing  t h e  brak ing  regime i n  a 
given s l i d i n g  zone. Such sys t ems  are simpler,  a l though t h e y  are 
less  e f f e c t i v e  t h a n  t h e  s y s t e m s  which main ta in  t h e  brak ing  regime 
i n  t h e  l i m i t  t r a c t i o n  c o e f f i c i e n t  zone. An example  o f  sucf~  a s y s t e m  
i s  tha t  shown i n  F igure  9.13. Thi;  system main ta ins  a s p e c i f i e d  
r e l a t i v e  s l i d i n g  magnitude. T h i s  s y s t e m  a l s o  provides  f o r  t h e  
p o s s i b i l i t y  of a l t e r i n g  t h e  r e l a t i v e  s l i p  magnitude us ing  manual 

autonomous systems, each of  which c o n t r o l s  t h e  brak ing  of one wheel 
c o n t r o l  o r  a programmer. The systeii i  consists of several i d e n t l c a i  ii48 

o r  a p a i r  of 
asynchronous 
v e l o c i t y  ww, 

wheels o p e r a t i n g  under t h e  same c o n d i t i o n s .  The 

se rves  as the  senso r  f o r  each autonomous system. A 

t achgene ra to r  b ,  which measures t he  braked wheel a c g u l a r  i 

166 



Figure  9.13. Automatic b rak ing  system w4.th op t ima l  r e g u l a t i o n .  
1- semiconductor m u l t i p l i e r ;  2- semiconductor c o r r e c t o r ;  3- 
amplifier;  4- h y d r a u l i c  amplifier; 5- e l ec t romagne t i c  va lve ;  6- 
brake;  7- braked wheel; 8- t achgene ra to r ;  9- unbraked wheel; 
10- t achgene ra to r ;  11- s k i d  computer; 12- r e s j s t o r  r e l a y ;  13- 
c o r r e c t i n g  feedback urrlit.  

similar t achgene ra to r  1 0 ,  bu t  on ly  one f o r  a l l  t he  autonomous 
systems, measures t h e  r o t a t i o n  ra te  oa of  the unbraked a i r p l a n e  
wheel 9 .  

The m u l t i p l i e r  1 m u l t i p l i e s  t h e  inpu t  vo l t age  U6 by t he  v o l t a g e  

, p r o p o r t i o n a l  t o  t h e  unbraked wheel r o t a t i o n a l  speed.  A t  t h e  *a 
same t i m e ,  it i s  a programmer which p rov ides  a s p e c i f i e d  noni ineat-  
law of UAw 

The system c o r r e c t o r  C c o n s i s t s  of  a ser ies  c o r r e c t o r  2 and a feed- 
back c o r r e c t o r  13 .  The t r a n s i s t o r i z e d  ampl i f ie r  3 a p p l i e s  t h e  
v o l t a g e  U t o  t h e  inpu t  winding o f  t h e  h y d r a u l i c  ampl i f ie r  4 ,  
which creates  t h e  p r e s s u r e  pb i n  t h e  wheel b r a k e s .  

p r o t e c t o r  SP c o n s i s t s  o f  a s k i d  computer 11, t r a n s i s t o r i z e d  r e l a y  
1 2 ,  and e lec t romagnet ic  va lve  5 .  

v a r i a t i o n  as a f u n c t i o n  of upbraiced wheel v e l o c i t y .  
i n  

f3 
The s k i d  

The s y s t e m  o p e r a t e s  as fo l lows .  After t h e  a i r p l a n e  wheels  
c o n t a c t  t h e  runway s u r f a c e  and s p i n  u p ,  t h e  systeir? I s  a c t i v a t e d  
by  a p p l i c a t i o n  o f  t h e  vo l t age  U6, . i ropor t iona l  t o  t h e  s p e c i f i e d  

s k i d  magnitude 6,. A t  every i n s t a n t  of  time, t h e  vo l t age  a t  t h e  - /149 
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output  of t he  m u l t i p l i e r  programmer 1 i s  p r o p o r t i o n a l  t o  t h e  

d i f f e r e n c e  of  t h e  r o t a t i o n  rates of  t h e  unbraked and braked wheels, 
corresponding t o  t h e  s p e c i f i e d  s k i d .  S ince  t h e  p r i m a r y  f a c t o r  
i n f l u e n c i n g  the  p b s i t i o n  o f  t he  extremum of the  r e l a t i o n  p S l ( 6 )  i s  

a i r p l a n e  speed, i t  i s  p o s s i b l e  t o  f i n d  the  law of U v a r i a t i o n  

as  a f u n c t i o n  of the v e l o c i t y  wa, which ensu res  o p e r a t i o n  o f  t h e  

b rak ing  wheel w i t h  n e a r l y  opt imal  sk idding .  Reproduction of t h i s  

l a w  i s  achieved by s e k c t i n g  the  phase s h i f t  between t h e  vo l t age  Ua 
and t h e  r e f e r e n c e  vo l t age  o f  the  m u l t i p l i e r  1. 

A t  t h e  summation po in t  B,  t h e  v o l t a g e  U i s  compared w i t h  

t h e  vo l t age  U , which is  p r o p o r t i o n a l  t o  t h e  a c t u a l  v e l o c i t y  
AWout 

= w - w at a g iven  moment of  t i m e .  I n  t h e  d i f f e r e n c e  Awout 

s teady s ta te  o p e r a t i n g  regime, t h e  v o l t a g e  a t  t h e  input  of t h e  
hydrau l i c  a m p l i f i e r  4 and, consequent ly ,  t he  braking  moment l$, are 
p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  

a W 

ou t  - 'Aw u = u  

o r  

where k i s  a c o e f f i c i e n t  of p r o p o r t i o n a l i t y .  

The amplif ier  ga in  i s  s e l e c t e d  so  t h a t  t h e  d i f f e r e n c e  between 
the  s p e c i f i e d  and a c t u a l  valuves of  t he  r e l a t i v e  s k i d  does not  
exceed t h e  a l lowable  va lue  

I n  t h i s  c a s e ,  t h e  b rak ing  moment i s  s u f f i c i e n t  t o  ensure  t h e  r e q u i r e d  
s k i d  value (wi th  e r r o r  
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I f  t h e  magnitude o f  t h e  braked wheel s k i d  d e v i a t e s  from 6,, 

t h e  vol tage  U and b rak ing  moment % vary s o  as t o  r e t u r n  the  s k i d  

t o  t h e  r e q u i r e d  value.  

L e t  us assume t h a t ,  because of  t r a c t i o n  c o e f f i c i e n t  r e d u c t i o n  
w,leel-ground (encounter ing  w e t  grounc;), t h e  r o t a t i o n a l  speed ww 

begins  t o  decrease  ( r e l a t i v e  s k i d  i n c r e a s e s ) .  

leads t o  i n c r e a s e  o f  t h e  vo l t age  U , r educ t ion  o f  t he  t o l t a g e  U 

and, consequent ly ,  r educ t ion  o f  the  braking  moment, which causes  
wheel spinup t o  t h e  previous  speed. I n  t h i s  ca se ,  t h e  r e l a t i v e  
s k i d  w i l l  approach t h e  r e q u i r e d  va lue .  

Reduction of  ww 

Awout 

The s k i d  p r o t e c t o r  SI? preven t s  t he  p o s s i b i l i t y  of braked 

wheel sk idd ing  i n  the  case  o f  f a i l u r e  o r  malfunct ion of  t he  primary 
s y s t e m  c i r c u i t  e lements .  The s k i d  computer 11 of the p r o t e c t o r ,  
cons t ruc t ed  us ing  two t r a n s i s t o r s  s i m i l a r l y  t o  t h e  m u l t i p l i e r  1, 
determines t h e  in s t an taneous  va lue  of  the  s k i d  bout .  

t ude  o f  t h e  l a t t e r  f o r  any reason  exceeds t h e  s p e c i f i e d  c r i t i c a l  1150 
value bW,  t h e  p r o t e c t i v e  u n i t  a c t i v a t e s  the  e lec t romagnet ic  va lve  5 

and reduces the  brake  p re s su re .  The wheel begins  t o  i n c r e a s e  i t s  
r o t a t i o n a l  speed and, es soon as the  magnitude of t h e  s k i d  becomes 
less than  6,, t h e  e lec t romagnet ic  va lve  s u p p l i e s  p r e s s u r e  from t h e  

e l e c t r o r e d u c t i o n  va lve  t o  t h e  brake.  

If t h e  magni- 

O f  t h e  sys tems examined above, t h o s e  which provide  opt imal  o r  
n e a r l y  opt imal  b rak ing  are most e f f e c t i v e .  However, t h e y  a?e q u i t e  
complex and t h i s  leads t o  l imi t ed  use of such systems, p a r t i c u l a r l y  
f o r  l i g h t  a i r p k n e s .  I n  c e r t a i n  c a s e s ,  e f f e c t i v e n e s s  can b e  

improved by  t h e  use of  simple a d d i t i o n a l  dev ices  i n  t h e  convent iona l  
systems. 

Figure 9 .14  shows an a n t i s k i d  c o n t r o l  s y s t e m  w i t h  programmed 
braking  moment r e g u l a t i o n .  The system o p e r a t e s  as fo l lows .  During 
braking ,  t h e  p i l o t  c r e a t e s  p r e s s u r e  i n  t h e  wheel brake w i t h  t h e  a i d  
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Figure  9.15. Ant i sk id  s y s t e m  
f o r  l i g h t  a i r p l a n e s .  

va 
:re 

Sve 

1- e l e c t r o i n e r t i a l  c o n t r o l l e r ;  
Figure 9.14. Ant i sk id  c o n t r o l  2- e l e c t r i c a l  f i l t e r ;  3- 
system w i t h  programmed braking  e lec t romagnet ic  valve.  
moment r e g u l a t i o n .  
1- reduc t ion  va lve ;  2- 
r e s t r i c t o r ;  3 ,  6 -  e l e c t r o -  of t h e  valve 1. The f l u i d  flows 
magnetic va lves ;  4- r e l ay ;  t o  t he  b rake  p r a c t i c a l l y  without  
5 - - e l e c t r o i n e r t i a l  sensor ;  7- 
makeup chamber. r e s i s t a n c e  through t h e  e l e c t r o -  

magnetic va lves  3 and 6 .  When 
there i s  no sk idd ing  and t h e  e lec t romagnet ic  valve 3 i s  open, such 
a system o p e r a t e s  as a convent iona l  sys t em.  I f  t h e  wheel s t a r t s  t o  
s k i d ,  an  e l e c t r i c a l  s i g n a l  from t h e  i n e r t i a l  s enso r  5 i s  fed t o  the 
e lec t romagnet ic  va lve  6 and through re lay  4 t o  t h e  e lec t romagnet ic  
va lve  3 .  The va lve  6 connects  t h e  wheel brake  w i t h  t h e  r e t u r n  l i n e  
and t h e  va lve  3 blocks  t h e  l i n e  supply ing  t h e  valve I. The p r e s s u r e  
i n  the b rakes  decreases .  After sk idd ing  i s  e l imina ted ,  t h e  brake  
release s i g n a l  i s  no longer  a p p l i e d  and t h e  b r a k e  i s  aga in  connected 
w i t h  the  valve 1. As a r e s u l t  o f  r e g u l a t i o i  of  t h e  P2ring of  t h e  

makeup chamber 7,  t h e  p r e s s u r e  i n  t h e  b r a k e s  i n c r e a s e s  r a p i d l y  t o  
a va lue  somewhat l ess  thali t h a t  a t  which sk idd ing  occurred.  Fu r the r  /151 
i n c r e a s e  o f  t h e  p r e s s u r e  t o  a va lue  n e a r  t h e  maximal w i l l  take p l a c e  
smoothly because of  t h e  preseqce  of t h e  r e s t r i c t o r  2 and t h e  l a g  i n  
t he  r e l a y  4 .  

T h i s  system makes i t  p o s s i b l e  t o  reduce t h e  brak ing  moment 
o s c i l l a t i o n  ampli tude w i t h  s imultaneous r educ t ion  of  t h e  number of  
a n t i s k i d  s y s t e m  c o n t r o l l e r  a c t u a t i o n s .  

Another system ve r s ion  which i n c r e a s e s  brak ing  e f f e c t i v e n e s s  
i s  t h a t  shown i n  F igure  9.15 and i s  w i d e l y  used on l i g h t  a i rp l anes .  
The system o p e r a t e s  as fol lows.  When t h e  s igna l  coming from t h e  

e l e c t r o i n e r t i a l  c o n t r o l l e r  1 i s  of  s h o r t e r  d u r a t i o n  than  the  
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s p e c i f i e l  va lue ,  i t  does not  pass through t h e  f i l t e r  2 and brake 
release does not  take p l a c e .  Nor does t i r e  s c u f f i n g  occur ,  s i n c c ,  
du r ing  t h i s  time, only angu la r  deformation o f  t h e  t i r e  takes p k c e .  
However, i f  t h e  senso r  sigzal i s  s u f f i c i e n t l y  long,  it passes through 
t h e  e l e c t r i c a l  f i l t e r  2 t o  t h e  e lec t romagnet ic  va lve  3 ,  which then  
r e l e a s e s  t he  wheel b r a k e .  

Th i s  c i r c u i t  makes i t  p o s s i b l e  t o  f i l t e r  ou t  a l l  t h e  false 
s i g n a l s  which may be caused b y  i r r e g u l a r i t i e s  of t h e  airdrome s u r f a c e ,  
l and ing  gear k inemat ics ,  and o t h e r  f a c t o r s .  



CHAPTER 10  

BRAKE SYSTEM COMPONENT DESIGN /3 .52 

1. Pneumatic Brake System Components 

The fo l lowing  b a s i c  components a re  used in t h e  d i r e c t  a c t i n g  
pneumatic brake system: r e d u c t i o n  v a l v e ,  d i f f e r e n t i a l ,  e l e c t r o -  
magnetic brake release va lve ,  s h u t t l e  V a l v r + ,  and o t h e r s .  

Reduction Valve 

The pneumatic r educ t ion  va lve  f s  t he  u n i t  which p r i m a r i l y  
de te rmines  b r a k e  system e f f c c t i v e n e s s .  The va lve  must have: 

- l i n e a r  reduced p r e s s u r e  dependence on p lunger  t r a v e l ;  

- maximal s e n s i t i v i t y  wi th  r e s p e c t  t o  p l u r c ? r  t r a v e l ;  

- immunity t o  v i b r a t i o n ;  

- h e r m e t i c i t y ;  

- response speed. 

The va lve  o p e r a t e s  as fo l lows  (F igure  10.1). Durir ,g  L r x i n g ,  
t h e  p i l o t  d i s p l a c e s  t h e  p lunger  1 b y  a l e v e r .  
t r a n s m i t s  t h e  f o r c e  t o  t h e  p i s t o n  3 ,  ar '4.splaces ir;. The p i s t o n ,  
i n  t u r n ,  a f t e r  t a k i n g  up t h e  c l e a r a n c e  a ,  d l s p l a e e s  thr: o u t l e t  va lve  
4 a n d ,  through a s p e c i a l  need le ,  opens t h e  i n l e t  va lve  5. A i r  l'rom 

The s p r i n g  2 dt?forms, 
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P2gu.e 10.2.  Schematic of 
pneumat 2c r educ t  i o n  valve.  

Figure 10.1. ,,cftti3 reCuction 
va lve  
1- plungzr; 2- spring; ?- 
pimon; 4- outlet val.ve; 5- 
inlet valvr ; 6 ,  7- f i t t i n g s .  

The reduced p r e s s u r e  created 

t h e  high pressuye  s y s t e m  ( u s u a l l y  
from a b o t t l e )  f lows i n t o  the 

brake system thraugh t h e  f i t t i n g  
6 ,  open i n l e t  va lve  5, and 
t h e  f i t + I n g  7. 

i n  t h e  brake s y s t e m  acts on the  
e f fec t ive  a-ea of tho p i s t c n  3, compresses the  s p r i n g  2 ,  and balances 
the load applied t o  the  p lmger  1, as a r e s u l t  of which t h e  piston 

xroves upward and the i n l e t  valve closes. 

In the e q u i l i b r i m  p i s t o n ,  the  va lves  5 and 1: are c losed .  

With reduct ion  of the  f o r c e  on the p lunger ,  t h e  e q u i l i b r i u m  
i s  djsrupted, t!ie d i f f e r e n t i a l  f o r c e  moves the p i s t o n  3 upward, and 
the outlet  valve 4 bottoms ctn t h e  nut  and opens. The excess  1 1 5 3  
l..*essui”e (with account f o r  the new load  on the  ~ ~ i u n g e r  1) i s  
bled t o  :he atmosphera. 

S t a t i c  suaZy8f.o o a .  pncaumatin reduction v a t v e .  The baslc  data 
f o r  the axa lys i s  hrc le fo l lowing  q u a n t i t i e s  (3 igure  1 0 . 2 ) :  
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is the maximal l oad  on va lve  p lunger ;  Ymax i s  t h e  **ax 
maximal va lve  p lunger  t r a v e l ;  p, is  the  p r e s s u r e  s u p p l i e d  t o  t h e  

~2 is  t h e  allow- Pb max is t h e  m a x i m a l  reduced p r e s s u r e ;  

able brake a p p l i c a t i o n  t i m e ;  TI is  t h e  a l lowable  b rake  release t i m e ;  
i s  the maximal va lve  dead zone; AYmax is  t h e  maximal va lve  6max 

t r a v e l  ' n s e n s i t i v i t y ;  D i s  the  p i s t o n  diameter; F is  the  p i s t o n  

area; F2 Is t h e  minimal i n l e t  va lve  flow area; F1 i s  t h e  minimal 

o u t l e t  va lve  flow area; 

the  o u t l e t  va lve  seat diameter; d2 is  t h e  i n l e t  va lve  seat diameter; 

d is the  plunger  diameter; IIl, n 2  , and Il, are the  r e t u r n  s p r i n g  

p r e t e n s i o n  f o r c e s ;  and T i s  the  p i s t o n  f r i c t i o n  fo rce .  

P 
- /I54 

6 1  i s  t h e  o u t l e t  va lve  opening; dl i s  

3 

P 

The i n l e t  v r l v e  flow area F2 can be found from t he  fo l lowing  

formula,  obt&tned on the  basis o f  (8 .4)  and (8.13!: 

"b max 
a C  Tap F, = (10 .1 )  

where V is  the  volume be ing  f i l l e d  

The o u t l e t  va lve  flow area F1 i s  determtced on t h e  basis of 
( 8 . - , )  as fo l lows  

Fi = -In V pb max 
pb UCrr ( 1 0 . 2 )  

under t he  cond i t ion  t h a t  t h e  assumed brake release p r e s s u r e  pb > 

pcr = 1.65 - 1.9  icG/cm . 2 Assuming t h a t  

and 



w e  have 

( d 3  is s e l e c t e d  d l c e c t l y  i n  the des ign ) .  

The i n l t ' ,  and o u t l e t  passage flow areas must be at  least three 
times t h e  valu. areas F1 and P2. 

The s p r i n g  p r e t e n s i o n s  are s e l e c t e d  w i t h  account f o r  t h e  
c o n s t r u c t i o n a l  character is t ics  and may vary o v e r  f a i r l y  large ranges  

Ill = ( 2  - 5) kG; 

112 = E 3  = (0.5 - 1.5) kG. 

After s e l e c t i n g  ill, 112, and lI w e  determine t h e  maxinal p lunger  - /15! 3' 
t r a v e l  Ymax, which must not  exceed t h e  s p e c i f i e d  magnitude. 

S ince  t h e  va lue  dead zone must no t  exceed 25% of  t h e  t o t a l  
t r a v e l ,  w e  have 6max - - 0.25 Ymax: 

where crs i s  t h e  r e d u c t i o n  s p r i n g  s t i f f n e s s .  But s i . i ce  

- c - - .  
rs Y-• 

then  

or 



hence, 

It f . s  obvious t h a t ,  f o r  normal va lve  ope ra t ion ,  it i s  necessary  
tha t  

~ - > 4 ( m +  ps -+ & T~ ). 4 

The e f f e c t i v e  p i s t o n  area i s  found from t h e  formula 

- T  - Z I I  max N 
F =  P 'b max 

s 

where 

zn = n,+n,+n, 

D i f f e r e n t i a l  

(10.41 

(10.5) 

D i f f e r e n t i a l s  are used i n  t r i c y c l e  l and ing  g e a r  b r a k e  s y s t e m s  
t o  permit  b rak ing  of t h e  l e f t  and r i g h t  gear wheels  w i t h  d i l f z r e n t  
brak ing  moments, which i s  neLessary  i n  o r d e r  t c  p e r f o r n  t u r n s  whiLe  
t a x i i n g .  

The d i f f e r e n t i a l  is P dua l  r educ t iop  valve which makes it /156 
p o s s i b l e  t o  reduce t h e  pr"ssure  i n  t h e  wheels of  one gea r  l e g  w h i l e  

main ta in ing  t h e  p r e s s u r e  i n  t h e  blheels o f  t h e  o t h e r  l e g .  The con- 
s t r u c t i m  o f  t h e  most w i d e l y  used d i f f e r e n t i a l  i s  shown i n  F igure  
10.3. 

The p i s t o n s  3 move f r e e l y  i n  t h e  s l e e v e s  2 whlci are s t a t i o n a r y  
i n  t? ie  d i f f e r e n t i a l  body 6 .  The o u t l e t  va lve  1 is s p r i n g  loaded 
a g a i n s t  t h e  p i s t o n  seat .  The p re s su re  supp l i ed  t o  f i t t i n p  A pas ses  
f r e e l y  t o  t h e  brakes through t h e  f S t t ? n g  E w i t h  t h e  p i s t o n s  t i g h t  



a g a i n s t  t h e  r o c k e r  a=.m 5. I n  
the  n e u t r a l  p o s i t i o n  o f  t h e  

l e v e r  4 and t h e  spring-loaded 
coupl ing  roc! 7 ,  t h e  p r e s s u r e  
flows f r e e l y  t o  the  brakes  o f  
bo th  wheels. 

Figure 10.3. Brake system 
d i f f e r e n t i a l .  

When t h e  spr ing-loaded 
coupl ing  r e d  7 %eves up o r  down, 
t h e  l e v e r  4 def lec ts  through 
some ang le  a a t  which no change 
c f  the  b r a k e  p r e s s u r e  takes 
L l a c e .  This  ang le  determines 
t h e  dead zone 6. F u r t h e r  up or  
down d e f l e c t i o n  o f  the  rod 7 
causes  t h e  appearance of  an  
a d d i t i o n a l  moment on t h e  rocke r  
arm 5 r e l a t i v e  t o  t h e  a x i s  of 
r o t a t i o n  0.  I n  t h i s  c a s e ,  t h e  1- o u t l e t  va lve ;  2- s l eeve ;  

3- p i s t o n ;  4- l e v e r ;  5- breke pi s s u r e  changes because 
o f  t h e  f a c t  t h a t  w i t h  r o t a t i o n  rocke r  arm; 6- d i f f e r e n t i a l  

body; 7- s p r i n g  loaded 
coupl ing  rod. of  t h e  rocke r  arm 5 i n  t h e  ?lock- 

3 moves up, t h e  valve 1 i s  fo rced  a g a i n s t  t h e  seat of  t h e  s l e e v e  2 
and i s o l a t e s  t he  l e f t  b r p k e  chamber from the  b rake  l i n e .  The p i s t o n  
3 moves away from t h e  va lve  1 and t h e  p r e s s u r e  i n  the  b rake  dec reases  
u n t i l  equ i l ib r ium o f  t he  f o r c e s  a c t i n g  on t h e  s p r i n g  loaded coupl ing  
rod 7 i s  reached. 

wise d i r e c t i o n ,  t h e  l e f t  p i s t o n  

The d i f f e r e n t i a l  dimer?slGr,s dre determined b y  s t a t i c  a n a l y s i s .  
The data necessary  foi' t h e  c a l c u l a t i o n  are  t h e  fo l lowing:  

i s  t h e  maximal  brake p res su re ;  Nmax i s  t h e  maximal /157 pb max 
s p r i n g  loaded coupl ing  fo rce ;  Xmax i s  t h e  m a y i m a l  s p r i n g  loaded 

coupi ing  rod d e f l e c t i o n ;  and T i s  t h e  minimal time f o r  brake release 
through t h e  d i f f e r e n t i a l .  
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The o u t l e t  f low area when r e l e a s i n g  t h e  brakes  through t h e  

d i f f e r e n t i a l  i s  found from (10.2) and (10.3).  

For rod d e f l e c t i o n  (down, f o r  example) by the d i s t a n c e  X ,  w e  
have 

(10.6) 

o r  

where L and 2 are the  u n i t  l i n e a r  d inens ions  (arms); F i s  t h e  

p i s t o n  area; p1 and p2 are t h e  p r e s s u r e s  i n  t h e  l e f t  and r i g h t  

brakes ;  cc  i s  the  s p r i n g  loaded coupl ing  rod  s t i f f n e s s ;  and i i s  

+he gear r a t f o .  We see from (10.7) that  

P 

hp=itn, 

where 

k = -  iLcc - - -  Nmax 
'max F Z  "c 

P 

Thus, t h e  p r e s s u r e  d i f f e r e n t i a l  i n  t h e  b r a k e s  i s  p r o p o r t i o n a l  
t o  t h e  rod  displacement .  

For f u l l  rod d e f l e c t i o n  

Ap&=Uyx,. 

Electromagnet ic  Brake Release Valve 

( 1 0 . 8 )  

The e lec t romagnet ic  valve reduces t h e  b r a k e  pressur:  when t h e  
wheel s tarts skidding.  Various va lve  c o n s t r u c t i o n s  are used, brlt 

t h e  se rvo-ac t ion  valve (F igure  10.4) ir rrost common. 
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Figure 10 .4 .  Eleccrornagnetic brake release valve.  
1- armature;  2 ,  4- va lves ;  3- s p r i n g ;  5- guide.  

I n  t he  absence o f  wheel sk idding ,  t h e  vs lve  c m n e c t s  t he  brake 
chamber w i t h  t h e  reduced brake p r e s s u r e  l i n e .  The a i r  flows f r e e l y  
from the  r e a u c t i o n  valve t o  t he  brake  through f i t t i i l g  C ,  s l o t s  i n  
t h e  armature 1, guide  5, and f i t t i n g  D .  I n  t h i s  ca se ,  t h e  p r e s s u r e  
i r ?  Vhe chamber B i s  equal  t o  t he  p r e s s u r e  i n  chamber A and t h e  main 
va;ve 4 is fo rced  a g a i n s t  t h e  seat cf f i t t i n g  D by t he  s p r i n g  3 o f  
t h ?  c o n t r o l  va lve  2 and by  t h e  a i r  p re s su re .  

When an e l e c t r i c a l  p u l s e  f o r  brake  release i s  t r a n s m i t t e d ,  as 
t h e  wheels start sk idding ,  t h e  e lectromagnet  d i s p l a c e s  t h e  armature 
1, which, a f t e r  t r a v e l i n g  t h e  d i s t a n c e  a ,  c l o s e s  t h e  i n l e t  va lve  
and b locks  a i r  e n t r y  i n t o  t h e  b rakes .  A t  t h e  same t i m e ,  t h e  

armature 1 d i s p l a c e s  t h e  va lve  2 t o  t he  l e f t ,  i s o l a t e s  chamber B / I58  
from chamber A, and connec ts  chamber R w i t h  t h e  atmosphere (va lve  2 
d i s p l a c e s  a long  t h e  guide 5 w i t h  small -1earance) .  As a r e s u l t  o f  
t he  r e s u l t i n g  p r e s s u r e  d i f f e r e n t i a l ,  t h e  valve 4 w i l l  s h i f t  t o  t h e  
l e f t  and connect t h e  brake chamber w i t h  t h e  atmosphere. 

A l l  t h e  e lec t romagnet ic  va lve  flow areas are c a l c u l a t e d  us ing  
t h e  formulas obta ined  above t o  ensure m'nimal l o s s e s  as the a i r  
flows through +,he va lve ,  a f t e r  which a s t a t i c  a n a l y s i s  i s  made of  
t h e  e lectromagnet  and servovalve s p r i n g  fo rces .  
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S h u t t l e  Valve 

The s h u t t l e  va lve  is used t o  supply a u s e r  s e r v i c e  from two 
systems. Usual ly ,  t h e  va lve  s p r i n g  h c l d s  the  s h u t t l e  i n  t h e  
p o s i t i o n  i n  which the  brakes are connected t o  t h e  p r i m a r y  system. 
I n  case of primary system f a i l u r e ,  t h e  p i l o t  a c t i v a t e s  t he  emergency 
system and the  s h u t t l e  va lve  i s  d i s p l a c e d  by the  p r e s s u r e  i n  t h e  

emergency system, t h u s  swi t ch ing  t h e  brake l i n e  from the p r imary  
t o  the emergency system, 

2.  Hydraulic arake System Components 

The fo l lowing  basic components are used i n  the  d i r ec t  a c t i n g  
hydrau l i c  brake s y s t e m s :  main sys tem r e d u c t i o n  va lve ,  emergency 
system reduc t ion  va lve ,  hydrau l i c  f u s e ,  s h u t t l e  valve,  and 
e lec t romagnet ic  b rake  release valve.  

Main Brake System Reduction Valve 

The r educ t ion  va lve  i s  t h e  p r i m a r y  component which de termines  
the  r e l i a b i l i t y  and e f f e c t i v e n e s s  of  t h e  sys t em as a whol?. 

r e s i s t a n t ,  and r e l i a b l e  i n  ope ra t ion ,  and have a n e a r l y  l i n e a r  
s t a t i c  c h a r a c t e r i s t i c .  

Therefore ,  t h e  va lve  must be  s u f f i c i e n t l y  s e n s i t i v e ,  v i b r a t i o n  /I59 

Both d i r e c t  a c t i n g  and servo-ac t ion  b rake  r educ t ion  va lves  may 
b e  encountered i n  component des ign  p r a c t i c e .  

The d i r e c t  i: i n g  va lve  shown i n  F igure  10 .5  i s  most w i d e l y  
used a t  t h e  p re sen t  time. 

The va lve  o p e r a t e s  a s  fo l lows .  As t h e  p i l o t  depresses t h e  
b r a k e  peda l ,  t h e  cup 1 d i s p l a c e s  ar,d, i n  t u r n ,  through t h e  s p r i n g  2 ,  
d i s p l a c e s  t h e  plunger  3 w i t h  t h e  o u t l e t  valve 5.  The o u t l e t  v a l v e  
s p r i n g  4 is  t h u s  compressed. The o u t l e t  valve 5 t r a v e l s  2 - 2 .5  m!!, 
d i s p l a c e s  t h e  s l e e v e  6 and, as i t  r eaches  t h e  spoo l  7 ,  i s o l a t e s  t h e  
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Figure  10.5. Direct a c t i n g  
h y d r a u l i c  r e d u c t i o n  va lve .  
1- cup; 2- s p r i n g ;  3- plunger ;  
4- o u t l e t  va lve  s p r i n g ;  5- 
o u t l e t  va lve ;  6- s l eeve ;  7- 
spoo l ;  8- s p r i n g ;  9- damper 
cup. 

b rake  system from t h e  r e t u r n  
l i n e :  Tonnected wi th  f i t t i n g  C.  
Wi th  f u r t h e r  r s d a l  movement, 
t h e  s p o o l  7 d i s p l a c e s  along w i t h  
t h e  I n l e t  va lve ,  made i n  t h e  
form o f  a cone on t h e  spool. 
The f l u i d  e n t e r s  t h e  brake  system 
from the  h igh  p r e s s u r e  2.ine 
through f i t t i n g  A,  (.nlet va lve ,  
and f i t t i n g  B. 

Upon t e r m i n a t i o n  o f  f u r t h e r  
movement o f  the  cup 1, t h e  brake  

system p r e s s u r e  w i l l  I n c r e a s e  
u n t i l  t h e  f l u i d  p r e s s u r e  force 
on the  va lve  5 compresses t h e  

s p r i n g  2 and t h e  spoo l  7,under 
t he  i n f l u e n c e  of  t h e  s p r i n g  8, 
b o t t c n s  on t h e  s l e e v e  and c u t s  
o f f  f l u i d  e n t r y  i n t o  t h e  brake  

system. Upon p r e s s u r e  r educ t ion ,  
the  s p r i n g  2 aga in  d i s p l a c e s  t h e  

spoo l  7 and a q u i t e  d e f i n i t e  
p r e s s u r e  cor respondlng  t o  t h e  

p o s i t i o n  of  t h e  cup 1 w i l l  be 

maintained i n  t h e  s y s t e m .  

With r e v e r s e  mov?rne?t o f  
t h e  cup 1, t h e  o u t l e t  va lve  5 
opens and f l u i d  w i l l  i'low from 
t h e  b r a k e  system in',o t h e  r e t u r n  
l i n e  through + h e  f i t t i n g  C ,  /I60 

reducing  t1.e b rake  s y s t e m  p r e s s u r e .  A one-way damper is i n s t a l l e d  
on t h e  spc;sl 7 t o  improve va lve  dynamic s t a b i l i t y .  I n  a d d i t i o n ,  
f l u i d  e n t r y  a t  tihe beginning of spool  7 t r a v e l  is accomplished 
through s p e c i a l l y  p r o f i l e d  s l o t s ,  a l so  p r o v i s i o n  i s  made f o r  
t h r o t t l i n g  t h e  working f l u i d  a t  t h e  beginning  of  o u t l e t  va lve  t r a v e l  
by  i n t r o d u c i n g  a s p e c i a l  s l e e v e  6 l o c a t e d  i n  t h e  spool  7 .  

181 



The flow s e c t i o n  areas of  
t h e  spool  7 and t h e  o u t l e t  va lve  
and a l s o  t h e  n a t u r e  of t h e  v a r i -  
a t i o n  of these areas a s  a f u n c t i o n  
of t r a v e l  must be c a l c u l a t e d  and 
s e l e c t e d  f o r  each  system s e p a r a t e l y .  

S e n s i t i v i t y  and l i n e a r i t y  
of t h e  va lve  s t a t i c  c h a r a c t e r i s t i c  
r e q u i r e s  t h e  use o f  h igh  accuracy 
and a l s o  h igh  s u r f a c e  f i n i s h  of 
t h e  d e t a i l  p a r t s ,  p a r t i c u l a r l y  
t h e  s l i de  valve p a i r .  

F igure  10.6.  I d e a l i z a t i o n  o f  
hydrau l i c  reduct  i o n  valve.  

S t a t i c  o a t v e  anatysis. The 
b a s i c  des ign  data a r e :  ps i s  

t h e  s y s t e m  p r e s s u r e ;  pb max i s  

t h e  maximal brake p r e s s u r e  ; 
i s  t h e  maximal valve r e s i s t a n c e  w i t h  average f l u i d  f lowra te  ‘PI max 

duriGg b rake  a p p l i c a t i o n ;  Ap2 max i s  the  maximal  va lve  r e s i s t a n c e  

w i t h  average f l u i d  f lowra te  d u r i n g  brake  release; Q, i s  t h e  average 

f l u i d  f l o w r a t e  d u r i n g  brake a p p l i c a t i o p ;  Q, is t h e  average f l u i d  

f lowra te  du r ing  brake release; Nmax i s  t h e  maximal f o r c e  on t h e  

valve stem; Ymax i s  t h e  maximal p lunger  t r a v e l ;  Y t m a X  i s  t h e  maximal 

valve plunger  dead zone; and BYmax i s  t h e  maximal p lunger  t r a v e l  
i n s e n s i t i v i t y .  

An i d e a l i z e d  hydrau l i c  r educ t ion  va lve  schematic i s  shown i n  
Figure 10.6. 

The equat ion  of spool  equ i l ib r ium w i t h  account f o r  t h e  f r i c t i o n  
and s p r i n g  p r e t e n s i o n  f o r c e s  has thFj form: 
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/161 - where P1 i s  t h e  p r e t e n s i o n  f o r c e  of s p r i n g  1; p2 is the  p r e t e n s i o n  

f o r c e  of  s p r i n g  2 ;  T1 max is t h e  maximal f r i c t i o n  f o r c e  of s l i d e  

va lve  pa i r  3; T2 max i s  the  maximal f i l c t i o n  f o r c e  of  o u t l e t  va lve  

u n i t ;  d is t h e  s l i d  va lve  p a i r  diameter; dl i s  the  damper diameter; 

and d2 is t he  damping o r i f i c e  diameter. 

The fo l lowing  cond i t ion  must b e  sa t i s f ied  f o r  qu ick  r e t u r n  of 
the spool  t o  the  i n i t i a l  p o s i t i o n  

Pt = (2 - 3)Ta -; 
Pi =(1,5-2)Ta-. (10.10) 

The f r i c t i o n  f o r c e  can be c a l c u l a t e d  from t h e  formula: 

(10.11) 

where T1 i s  t h e  f r i c t i o n  f o r c e ;  k i s  t h e  c o e f f i c i e c t  o f  s l i de  va lve  

p a i r  f r i c t i o n ,  e q u a l  t o  0 .04  - 0 .06 ;  Ap is t h e  p r e s s u r e  d i f f e r e n t i a l ;  
and 2 is t h e  l e n g t h  o f  lapped pa r t  o f  s l i d e  va lve  p a i r .  

The f r i c t i o n  f o r c e  T2 i s  determined b a s i c a l l y  by seal  f r i c t i o n  

and may be t aken  as 1 .5  - 2 kG. 

S u b s t i t u t i n g  che va lues  o f  P1, P2, Tl ,  and T2 i n t o  (10.9) and 

r e p l a c i n g  v a r i a b l e s ,  we o b t a i n  

a d ' + b d - t c O ,  ' 

where 

( 1 0 . 1 2 )  

Thus  
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then  

The r e d u c t i o n  s p r i n g  s t i f f n e s s :  

(10.131 

From the  known s t i f f n e s s  and load  va lues ,  w e  f i n d  the  r e d u c t i o n  
s p r i n g  dimensions. 

The maximal spool  flow s e c t i o n  i n l e t  (F1 max and o u t l e t  I162 

) areas are determined on t h e  basis  of t h e  a c c e p t a b l e  resis- (F2 max 
t ance  f o r  t h e  average f l u i d  f l o w r a t e  du r ing  b rake  a p p l i c a t i o n  and 
release. 

The average f l u i d  f l o w r a t e  d u r i n g  brake a p p l i c a t i o n  can be 
determined w i t h  account f o r  t he  a l lowable  brake a p p l i c a t i o n  t i m e  
(no more t h a n  1 .5  seconds)  from the  empi r i ca l  formula: 

- l i t e r s / m i n u t e ,  QL 1 - 75 'max (10 .14)  

where Vmax i s  the  maximal f l u i d  volume i n  l i t e r s  r equ i r e?  by  t h e  

wheel b r a k e s  du r ing  a s i n g l e  brake  a p p l i c a t i o n .  

The maximal spool  i n l e t  flow s e c t i o n  Bi,c?a 

(10.15) 2 
m m *  

= QL 1 
0.663 F1 max 

where kl = 0.15 - 0 . 2 5  i s  a coeff ic!ent  account ing  f o r  t h e  r l u i d  

p re s su re  l o s s e s  i n  t h e  s l i d e  valve p a i r  p o r t s .  

The average f l u i d  f lowra te  d m i n g  b-ake r e l e a s e  i s  u s u a l l y  
equal  t o  t h e  average f!.owrate du r ing  b rake  a p p l i c a t i o n ,  i . e .  

QL 2 = QL 1' 
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The maximal spool  o u t l e t  flow s e c t i o n  area 

2 mm &L 2 F2 may = 
9 .663 

(10.16) 

where k2 = 0.05 - 0.15 i s  a c o e f f l c i e n t  hccount lng f o r  t h e  p r e s s u r e  

l o s s e s  du r ing  brake release. 

The va lve  spool  t r a v e l  i s  taken  i n  t he  l i m i t s  of 0 . 1  - 0 . 1 5  
of  t h e  p lunge r  t r a v e l  

The va lve  Cead zone Y' i s  determined dy t h e  t r a v e l  and t h e  

s p r i n g  p r e t e n s i o n  f o r c e s  P1 and P 2 ,  where 

or 

I n  o r d e r  t o  reduce the  va lve  dead zone, the p r e t e n s i o n  of t h e  

s p r i n g  2 i s  se lec ted  so  as t c  e l i m i n a t e  the i n f l u e n c e  o f  s p r i n g s  
4 and 8 (see F i g - n e  1 0 . 5 ) .  

The va lve  t r a v e l  i n s e n s i t i v i t y  i s  found from t h e  formula 
/163 

(10 .20 )  

where BYmax i s  the  maximal inser l s l t  l v i t y  ; Tmax Is Lhe m c i m a l  o v e r a l l  

f r i c t i o n  f o r c e  o f  a l l  t n e  va lve  moving e lements ;  and c r S  i s  t h e  

r educ t ion  s p r i n g  s t i f f n e s s .  
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Vatue dynarnia anatysis. Tho most, important  va lve  c h a r a c t e r i s t i c  
I s  i t s  dynamic s t a b i l i t y .  The primary cause o f  i n s t a b i l i t y  is the 
gresence  o f  hydrodynamic f o r c e s  a c t i n g  on t h e  spool  3 dur ing  brake 
a p p l i c a t i o n  o r  r e l e a s e .  Loss o f  va7-e s t a b i l i t y  causes  f l u i d  flow 
from t h e  h igh  p r e s s u r e  chamber i n t o  t h e  r e t u r n  and p r e s s u r e  pulsa-  
t i o n ,  which may lead t o  f a i l u r e  of t h e  va lve ,  t ub ing ,  and o t h e i  
brake s y s t e m  components. 

S t a b i l i t y  s n a l y s i s  of  t h e  reduct ioi i  va lve  can be  redlizzd t o  
s t a b i l i t y  a n a l y s i s  oi' t he  ''valve brake" system anb 2termLnation 
of  t h e  i n i t i a l  s l i d e  va lve  c h a r a c t e r i s t i c s  and va;ve damper 
c harac  t e r  i s t i c s . 

For ".he a n a l y s i s ,  w? formulate  t h e  sys tem o f  equa t ions  
c o n s i s t i n g  o f  t h e  f lowra te  equat ion  and t h e  r e g u l a t o r  equat ion .  

Fto t r ra te  e q u a t i o n .  The in s t an taneous  f l u i d  f lowra te  through 
t h e  s l i de  va lve  du r ing  b rake  a p p l i c a t i o n  ( o r  re lease)  can be  
expressed by  the  formula 

(10 21) 

where 

K f  i s  t h e  f l o w r s t e  c o e f f i c i e n t :  y i s  t h e  s p e c i f i c  weight of  t h e  

f l u i d ;  Ap i s  t h e  p re s su re  d i f f e r e n t i a l  i n  t h e  va lve  ( a c r o s s  t h e  
s p o o l ) ;  F1 !.s t h e  valve i n l e t  flow s e c t t o n  area; and x i s  tb .e  

s p o o l  displacement coord ina te .  

For F. zhor t  t ime i n t e r v a l ,  de take Ap = cons t ,  then  

( 1 0 . 2 2 )  

where 
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Taking the  func t ion  F1(x) t o  be l i n e a r ,  w e  o b t a i n  

Fa@) rY , 

where k = t g  a i s  t h e  spool t r a v e l  c h a r a c t e r i s t i c .  Then the  f lowrz te  
equat ion  takes the form: 

For symmetric spool  inf low and outflow c h a r a c t e r i s t i c s ,  w e  have - /I54 

= klx.  (10.24) QL 1 = QL 2 

The p res su re  v a r i a t i o n  i n  t he  sy:,tem f o r  the f lowra te  Q, is 
ae f ined  by t h e  equat ion  

9 2  
s dr  ’ = c  QL 1 (10.25) 

where cs  i s  t h e  sys tem s t i f f n e s s  c o e f f i c i e n t ;  dp/dr is  the rate o f  

p re s su re  change i n  the sys t em 

9 
d2 1 vS cS = P t t t k j E  + -) + - E, E, (10.26) 

L i 1 

where F t  i s  the  l i n e  area; t t  i s  the l i n e  l eng th ;  d Z  is  t h e  l i n e  

diameter; 6 t  is  the  l i n e  wall t h i ckness ;  El i s  t h e  e l a s t i c  modulus 

o f  the working f l u i d ;  E i s  t h e  e l a s t i c  modulus o f  the  l i n e  material; 
and V, is the o v e r a l l  volume of t he  l i n e  and brake. 

From (10 .24)  and (10.25), we have 

This is  t h e  c o n t r o l l e d  o b j e c t  (brake)  equat ion .  



Regutatop equa t ion .  I n  o r d e r  t o  formulate  t h e  spool  equat ion  
of motion, w e  examine t h e  f o r c e s  a c t i n g  on it. 

I n  the  t r a n s i e n t  regime, the  fo l lowing  f o r c e s  a c t  on t h e  spool .  

Spool i n e r t i a  fo rce :  

(10.28) 

where m i s  the equiva len t  mass. 

Viscous f r i c t i o n  f o r c e  

where h i s  the  spool  damping c o e f f i c i e n t  (determined exper imenta l ly) .  

Reduction s p r i n g  f o r c e  

Pt=e(Y-Q. * 

Return s p r i n g  f o r c e  

h=-M 

where c2 is the equiva len t  s t i f f n e s s .  

F lu id  p re s su re  f o r c e  on the  valve 

pr =.- FVp , (10.32) 

where Fv is t h e  valve area; p i s  the f l u i d  p re s su re  i n  the  brake.  

Hydrodynamic ( r e a c t i v e )  fo rce  

-ea, 

where 

cs= 2kfk bp.col8, 
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and kf is  the f lowra te  c o e f f i c i e n t ;  k i s  the spool  t r a v e l  charac- 

t e r e s i t i c ;  Ap i s  t h e  p res su re  d i f f e r e n t i a l  a c r o s s  t he  spool ;  8 = 69O 
i s  the r e a c t i v e  f o r c e  d i r e c t i o n  ang le  69O. 

Without account f o r  t h e  f r i c t i o n  f o r c e s ,  t h e  spool  equat ion  of  
motion takes the form 

o r  

We i n t roduce  t h e  n o t a t i o n s  

and ob ta in  

P f + F & + X = -  krcgP +CY* (10.38) 

is t h e  r e g u l a t o r  r e g  
where T1 and T a r e  t i m e  c o n s t a n t s ,  and k 

c o e f f i c i e n % .  

System equation. The s y s t e m  equat ion is formulated on t h e  basis 
of t h e  r e g u l a t o r  and f lowra te  equat ions :  

Converting t o  t h e  ope ra to r  form, we have 



where 

Excluding X from (10.401, w e  o b t a i n  

The characterist ic equa t ion  w i l l  have the form 

= o  
reg 

kJQa + M A 2  + k J  + k 

The sys tem s t a b i l i t y  c o n d i t i o n s  are 

(10.43) 

The Vyshnegradskiy c r i t e r i a  are convenient  f o r  de te rmining  the 
form of the t r a n s i e n t  p rocess  i n  t h e  p r e s e n t  case. 

The diagram (F igure  10.7)  
shows, i n  the  coord ina te s ,  

t h e  zones I - I11 i n  which spoo l  
o p e r a t i o n  is  s table .  The spoo l  
t r a v e l  c h a r a c t e r i s t i c  as a func- 
t i o n  o f  time i s  shown i n  each 
zone. 

I f  the  s y s t e m  i s  found t o  F igure  10 .7 .  System s t a b i l i t y  
diagram. 

we change the  damping coe i ’ f ic ien t  and the  valve c h a r a c t e r i s t i c  
(making the curve f l a t t e r ,  i n  t h i s  case k = t g  a d e c r e a s e s ) ,  t hen  
a new analysis is made. 

be u n s t a b l e  i n  the a n a l y s i s ,  



Figure 10.8. Hydraul ic  f u s e  c o n s t r u c t i o n .  
1- rod;  2- s h u t t l e  valve;  3- s l eeve ;  4- sp r ing ;  5,  6- va lves ;  
7- r e s t r i c t o r ;  8- sp r ing ;  9- seat; 10- l e v e r .  

Emergency System Reducti.on Valve 

The c o n s t r u c t i o n  of  t h e  emergency braking  system r e d u c t i o n  
valve i s  t h e  same as that  o f  the main s y s t e m  r e d u c t i o n  va lve .  
Usually t h e  emergency valve plunger  has s h o r t e r  t r a v e l .  The va lves  
f o r  brak ing  of  bo th  bogies  are combined i n t o  a s i n g l e  housing i n  
o rde r  t o  s impl i fy  i n s t a l l a t i o n .  The va lve  a n a l y s i s  procedure i s  t h e  
same. 

Hydraulic Fuse 

The hydrau l i c  f u s e  o r  flow l imi te r  i s  a hydrau l i c  component 
which passes a d e f i n i t e  amount of  f l u l . d ,  a f t e r  which i t  b locks  o f f  
t he  l i n e .  It f i n d s  wide a p p l i c a t i o n  lr! a i r c r a f t  hydrau l i c  sys t ems  
as one of the most important  p r o t e c t i v e  components. 

The hydrau l i c  f u s e  works as fo l lows .  F l u i d  I'rom the  l i n e  down- 
stream of  the r educ t ion  valve en ters  f i . t t i n g  A ai?d then  chamber C 
and s imultaneously flows through t h e  f u s e  r p z t r i c t o r  i n t o  chamber B 
under t he  f u s e  c u t o f f  valve 6 (F igu re  10 .8) .  'fhe primary f l u i d  
flow passes  through t h e  p o r t s  D ,  f o r c e s  Lhe valve 5 t o  t h e  extreme 
l e f t  p o s i t i o n ,  and a f te r  pass ing  through t h e  p o r t s  E e n t e r s  t h e  

chamber F, t hen  f lows through the  annu la r  p o r t  o f  the  seat 9 i n t o  



t h e  l i n e  through the o u t l e t  f i t t i n g  G.  A t  t h e  same t i m e ,  t h e  
o t h e r  ( s i g n a l )  par t  o f  the  f low passes  through the  restrictor 7 
and d i s p l a c e s  the va lve  6 t o  the extreme le f t  p o s i t i o n .  
i) w i l l  now be blocked and t h e  p r i m a r y  f l u i d  flow t e rmina te s .  

The p o r t s  

The h y d r a u l i c  f u s e  i s  designed so tha t ,  du r ing  normal Operat ion,  - 1168 
the  va lve  6 w i l l  not  t r a v e l  a l l  t h e  way t o  t h e  s t o p  du r ing  the  t i m e  
o f  f l u i d  flow. As soon as t h e  b rak ing  o p e r a t i o n  i s  performed and 
f l u i d  flow i n  the l i n e  t e rmina te s ,  t he  v a l v e s  6 and 5 aga in  take 
t h e  i n i t i a l  p o s i t i o n  under t h e  i n f l u e n c e  of  t h e  s p r i n g  4. 

If  a l i n e  breaks o r  a brake fa i l s  downstreaa of the  hydrau l i c  
f u s e ,  the  va lve  6 reaches t h e  seat i n  t h e  s l e e v e  3 and b locks  the  
l i n e .  

The p r e s s u r e  d i f f e r e n t i a l  a c t i n g  on t h e  e n t i r e  area of  t h e  
s l e e v e  3 d i s p l a c e s  i t  t o  the  l e f t  by t h e  d i s t a n c e  X, compressing 
t h e  s p r i n g  8. I n  t h i s  case ,  t h e  s h u t t l e  va lve  2 c l o s e s .  The t o g g l e  
l e v e r  10 ho lds  t h e  valve i n  the c losed  p o s i t i o n  a f t e r  p r e  s u r e  
r educ t ion  i n  t h e  b r a k e  l i n e .  T h i s  i s  necessary  t o  avoid f l u i d  l o s s  
du r ing  f u r t h e r  brak ing .  I n  t h i s  case ,  the  va lve  i s  r e t u r n e d  t o  t he  
i n i t i a l  p o s i t i o n  manually by  means of  t h e  rod 1. 

H y d r a u l i c  f u s e  a n a l y s i s .  The b a s i c  data are: QL i s  t h e  nominal 

f l u i d  f lowra te  i n  t h e  system; Q, min i s  t h e  m i n i m a l  f l u i d  f l o w r a t e  

i n  t h e  sys tem;  Ap i s  t h e  p r e s s u r e  l o s s e s  i n  t h e  hydrau l i c  f u s e ;  and 
Vmv I s  t h e  meterin: volume. 

The b a s i c  h y d r a u l i c  fuse  geometric dimensions are de termined  
by  c a l c u l a t i o n :  

t h e  primary flow passes, flow s e c t i o n  area F2 through which the  

s i g n a l  f low passes, va lve  diameter D ,  and t r a v e l  L of t h e  va lve  2. 

flow s e c t i o n  area F1 i n  t h e  p o r t s  D through which 
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The o v e r a l l  f l u i d  f lowra te  through the  hydrau l i c  fuse is made 
of t h e  f l u i d  f lowra te  QL 

through s e c t i o n  F2: 

through s e c t i o n  F1 and the  f lowra te  Q, 

(10.46) QL = QL 1 + QL 2’ 

b u t  

Then 

= AF&; QL 1 QL 2 = A F ~ ~ Z  

Hence 

For cons tan t  d i f fe ren t ia l  Ap dur ing  the  t i m e  AT, t h e  amount of 
f l u i d  pass ing  through t h e  hydraul ic  f u s e  i s  

where 

Then 

vmv v2 h r r  - =  - 
QL QL 1 =%-? 

(10.48) 

(10.48) 

( 1 0 . 4 9 )  



whence 

- = -- -- = -. ‘mv v1 QL 2 .v2 F2 v2 - = - *  
‘rnv ’ v ’ F* QL QL 2’ QL mv 

but  

We in t roduce  the  r e l a t i o n  

From des ign  exper ience ,  w e  take k = (0.012 - 0.018) f o r  f u s e s  
3 w i t h  Vmv = 200 - 1000 cm . Then 

vnnr’200+100d CiE, 
dP 
4 

Vaie:-L 

and t a k i n g  L = klD, where kl = 1 . 2  - 1.5,  w e  o b t a i n  

I ’  
- I  4 

D== -% k 

o r  - 
. D ‘)‘“kvmv 

The s e c t i o n  area F i s  found as the  d i f f e r e n c e  1 

(10.53)  Fi = Fe- Fs- 

For p r e c i s e  ope ra t ion  o f  t h e  f u s e ,  i t  i s  necessary  t h a t  t h e  
minimal a c t u a t i n g  f o r c e  a c t i n g  on t h e  va lve  be a t  l eas t  twice  t h e  

f r i c t i o n  f o r c e ,  i. e .  , 

where 

(10.55) 

194  



1 t- f p d L  

f o r  

S h u t t l e  Valve 

S h u t t l e  va lves  are used i n  brake systems t o  switch the brake 
supply from the  primary sys tem t o  the emergency system and back. 

The basic requi rements  imposed on s h u t t l e  va lves  are r e l i a b i l i t y ,  
h e r m e t i c i t y ,  and absence of  c r o s s  flow from sys t em t o  sys tem dur ing  
switching.  

Valve des ign  reduces  bas i ca l ly  t o  c a l c u l a t i o n  o f  the  flow areas 
and s p r i n g  f o r c e s .  The va lve  r e s i s t a n c e  should no t  exceed 2 - 3% 
o f  the maximal h rak ing  p r e s s u r e  f o r  t he  average f l o w r a t e  Q, av. 

The c a l s u l a t i o n  i s  nade b y  the  u s u a l  formulas  f o r  de te rmining  l o c a l  
r e s i s t a n c e s  

QL a v  
0 . 6 6 3 6  

Fv = - - ¶  

i s  t h e  average flow- where FV i s  t h e  va lve  p o r t  area i n  mm ; Q, av 

r a t e  i n  l i t e r s  pe r  minute;  and Ap i s  the  p r e s s u r e  drap  i n  t h e  va lve  
i n  kG/cm . 

2 

2 

The s h u t t l e  swi t ch ing  p r e s s u r e  i s  t aken  i n  t h e  range o f  2 - 4% 
of t h e  maximal b rak ing  p r e s s u r e .  

Electromagnet ic  Brake Release Valve 

The c o n s t r u c t i o n  of t h e  e l c t romagne t i c  b r a k e  release valve is 
similar L )  t h a t  o f  t h e  convznt iona l  two-posi t ion electrornagnet lc  
va lve .  An important  s p e c i f i c  requirement on t h e  b'rake release va lve  
i s  minimal a c t u a t i n g  time (no  mare than  0.03 seconds) .  Valve des ign  
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reduces t o  c a l c u l a t i n g  the flow s e c t i o n  areas and the  s p r i n g  and 

electromagnet  fo rces .  The flow s e c t i o n  areas are c a l c u l a t e d  t y  the 
u s u a l  formulas  f o r  l o c a l  r e s i s t a n c e s .  

3.  Remote Cont ro l  Brake System Components 

The f u n c t i o n a l  diagrams and a n a l y s i s  o f  t he  remote con t ro l  
s y s t e m  reduc t ion  va lves  do not  d i f f e r  from t h o s e  described abole ;  
however, these sys t ems  impose some s p e c i f i c  requi rements  on the, 
component c o n f i g u r a t i o n s  and c o n s t r u c t i o n .  

Pneum3tic Reduction Valve with Pneumatic Cont ro l  

The c o n t r o l l i n g  p r e s s u r e  i s  supp l i ed  t o  t h e  va lve  f i t t i n g  A 

(Figure 1-0.9) from t h e  convent iona l  r e d u c t i o n  va lve  l o c a t e d  i n  t he  
cockp i t .  The p r e s s u r e  f o r c e  is  t r a n s m i t t e d  through the  sylphon 1 
t o  the  p i s t o n  2 and t h e n  t o  the s y s t e m  o f  o u t l e t  3 and i n l e t  
va lves .  P res su re  from t h e  supply l i n e  i s  supp l i ed  through fL.;ting 
B and reduced p r e s s u r e  is  t r a n s m i t t e d  t o  t h e  brake s y s t e m  t,il?*Ough 

f i t t i n g  C. The chamber beneath t h e  bel lows is open t o  t h e  ;Ltmosphere 
through f i t t i n g  D. The reduced p r e s s u r e  a - t i n g  on the  pisLon 2 
ba lances  t he  f o r c e  from t h e  c o n t r o l l i n g  p r e s s u r e  a c t i o n  on t h e  
sylphon e f f e c t i v e  area. 
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atmos 

B.1 pressure 

Figure 10 .9 .  Pneumatic r educ t ion  valve w i t h  remote c o n t r o l :  
1- sylphon; 2- p i s t o n ;  3- o u t l e t  va lve ;  4- i n l e t  valve.  

Without account f o r  t h e  f r i c t i o n  f o r c e ,  s p r i n g  s t i f f n e s s ,  and 
sylphon h y s t e r e s i s ,  we car! wri te  t h e  r e l a t i o n :  

PbFp = PcFsy 

o r  

(10 .57)  

(10.58) 

where pc i s  the c o n t r o l l i n g  p r e s s u r e ;  pg i s  t h e  brake system pres su re ;  

I.' 

t i v e  p i s t o n  area; D i s  t h e  p i s t ,  I diameter ;  and d i s  t h e  o u t l e t  
valve sea! 'iiameter. 

2 = (n/4)(D2 - d ) i s  t h e  e f f e c -  I s  t h e  e f f e c t i v e  sylphon a t :  a;  F /172 
SY P 
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Figure  10.10. E lec t rohydrau l i c  
reduot ion  va lve .  

The t h e o r e t i c a i  r e l a t i o n  
pb = f ( p c )  i s  l i n e a r .  

account f o r  the i n f l u e n c e  of 
f r i c t i o n ,  sylphon hysteresis ,  
and s p r i n g  s t i f f n e s s ,  t h e  a c t u a l  
valve c h a r a c t e r i s t i c  d i f f e r s  
cons iderably  from t h e  t , . eo re t i ca l  
re  l a  t ion .  

Wish 

I n  ana lyz ing  the  remote 
sys tem,  t h e  c o n t r o l  va lve  and 
tile a c t u a t i n g  va lve  i n s e n s i t i v i -  
t i es  must be summed. 

Hydraul ic  r educ t lon  va lves  
w i t h  remote hydrau l i c  or pneu- 
mat ic  c o n t r o l  from reduc t ion  
c o n t r o l  va lves  tail be c o n s t r u c t ,  
u s ing  the  same scheme. 

Reduction Valves w i t h  Electromagnet ic  Cont ro l  

Hydraul ic  and pneumatic r educ t ion  va lves  w i t h  e l ec t romagne t i c  
c o n t r o l  are o f  cons ide rab le  i n t e r e s t .  When such va lves  are used, 
t hecockp i t  i s  f ree  of p l - a b i n g  l i n e s  and t h e  b rak ing  system ucsponse 
speed improves cons iderably .  

Three-Stage Reduction Valve 

The b a s i c  c h a r a c t e r i s t i c  of three-stage r educ t ion  valve 
q x r a t i o n  (see Figure 9 .9)  i s  the  p o s s i b i l i t y  of  c r e a t i n g  three  
p res su re  stages i n  t h e  system. When t h e  first magnet i s  energized, 
the  pressure i n  t h e  s y s t e m  i s  pl; when t h e  second i s  sne rg ized ,  t h e  

p re s su re  i s  p2 ,  and simultaneous e n e r g i z a t i o n  ;I' both  magnets 

provides  a p r e s s u r e  p The absence of  smooth output  p re s su re  v a r i -  

a t i o n  i s  a drawback of t h i s  va lve  i n  c e r t a i n  c a s e s .  
3 '  
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4 rressure b)rakA return 
~ S p U r P ~ ~ u r e  =return pressure 
-brake =nozzle 

p'. SSSUre . pressure 

Figure 10.11.  Valve wi th  
cont inuous reduced p r e s s u r e  
r e g u l a t i o n .  
1- Electromechanical  t ransformer ;  
2- f l a p p e r ;  3 ,  4 ,  5 ,  8- sp r ings ;  
6- p i s t o n ;  7- c y l i n d e r ;  9- 
nozzle .  

The e l e c t r o h y d r a u l i c  
r educ t ion  va lve  shown i n  F igure  
10.10 is more advanced. The 
va lve  i s  a p res su re  reuucer  
w j t h  hydrau l i c  d r i v e  which i s  
c o n t r o l l e d  by an e l e c t r i c a l  
br: ge c i r c u i t  whose r e s i s t a n c e s  
are t h e  c o n t r o l  potent iometeiB 
( C P )  and feedback po ten t iome te r  
(FBP). I n  t h e  b r idge  d iagonal ,  
there is connected t h e  c o i l  o f  
t h e  p o l a r i z e d  r e l a y  (PR), which 
sends s i g n a l s  t o  t h e  e l e c t r o -  
magnets EM1 and EM11 o f  the  s l i d e  
va lve  which c o n t r o l s  the  hydrau l i c  
a c t u a t o r  p i s t o n .  The e l e c t r o -  
magnet EM111 i s  provided f o r  
brake r e l e a s e  i f  t he  e l e c t r i c z -  
c i r c u i t  power supply f a i l s ;  if 
EM111 r e l e a s e s ,  t h e  hydrau l i c  

a c t u a t o r  p i s t o n  chamber .' connected t o  t he  r e t u r n  1 J n e .  

J u s t  ab the  convent iona l  d i r e c t  a c t i n g  r educ t ion  va lve ,  t h e  

va lve  desc r ibed  here has some i r r e g u l a r i t y  of  t he  output  p r e s s u r e  - 1 1 7 3  
dependence on brake pedal  t r a v e l .  T h i s  i r r e g u l a r i t y  is determined 
by the  i n s e n s i t i v i t y  of t he  r e g u l a t o r  i t s e l f  and a l s o  by the  
i n s e n s i t i v i t y  o f  t h e  p o l a r i z e d  re lay PR which c o n t r o l s  t h e  e i e c t r o -  
magnets EM1 and EMII.  

Valve wi th  Continuous Reduced Pressilre Regulat ion 

The improvement i n  brake s y s t e m s  w i t h  t he  ob3ec t ive  of  automating 
t h e  process  of b r a k e  pressure regula t ior l  as a func t ion  of  wheel 

f t r a c t i o n  f o r c e  wi th  t h e  runway has l e d  t o  t h e  n e c e r s i t y  f o r  c r e a t i n g  
a va lve  which provides  cont inuous r e g u l a t i o n  o f  t h e  output  p r e s s u r e  
and has  h igh  o p e r a t i n g  speed. Such va lves  can be cons t ruc t ed  only 
w i t h  t he  use  o f  a s i g n a l  t ransformer  and a device  o f  t he  "nozzle  
f iapperl '  type .  
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One ve r s ion  o f  t h i s  va lve  type ,  shown i n  F igu re  10.11, makes 
i+, p o s s i b l e  t o  o b t a i n  reduced brake p r e s s u r e  which depends on the  
magnitude o f  the c u r r e n t  a p p l i e d  t o  t h e  t r ans fo rmer  and has high 
response speed; however, it r e q u i r e s  supply vo l t age  s t a b i l i z a t i o n .  
When the c o n t r o l l i n g  c u r r e n t  is a p p l i e d  t o  the  e lec t romechanica l  
t ransformer  1, an e lec t romagnet ic  moment is  c r e a t e d  which d i s p l a c e s  
t he  f l a p p e r  2 toward the  nozz le  9, r educ ing  the  gap S. With reduc- 
t i o n  o f  t h e  gap S, t h e  f l u i d  p r e s s u r e  i n  the nozz le  and i n  the spoo l  
chamber C i n c r e a s e s .  Under t n e  i n f l u e n c e  of t h i s  p r e s s u r e ,  t h e  
spoo l  overcomes the f o r c e  o f  t h e  s p r i n g  4 and sh i f t s  t o  t h e  right, 
connect ing t h e  Itpressure" chamber wi th  the "brake" chmber.  As t he  
p res su re  i n  t h e  "brake" chamber i n c r e a s e s ,  the  p r e s s u r e  i n  the 
c y l i n d e r  7 i n c r e a s e s  and the  p i s t o n  6 moves t o  t h e  r i g h t ,  reducing  
t h e  f o r c e  i n  the t e n s i o n  s p r i n g  8. Under the i n f l u e n c e  o f  the  
d i f f e r e n c e  o f  t h e  s p r i n g  3 and 8 f o r c e s ,  t he  f l appe r  moves away 
from the nozzle .  With i n c r e a s e  of the gap S, the  f l u i d  p re seu re  i n  
t h e  nozz le  and i n  the  s p c o l  chamber C decreases .  Under the i n f l u -  
ence of the sp r ing ,  the spoo l  sh i f t s  t o  the  l e f t ,  and when t h e  f l a p p e r  
reaches  the n e u t r a l  p o s i t i o n ,  b locks  t h e  "brake" chamber. A p r e s s u r e  
p r o p o r t i o n a l  t o  t h e  c o n t r o l l i n g  c u r r e n t  is established i n  t h e  "braki. " 
chamber. With r educ t ion  o f  t h e  c o n t r o l l i n g  c u r r e n t ,  t h e  electromag- 
n e t i c  moment a c t i n g  on t h e  f l a p p e r  dec reases ,  t h e  gap S i n c r e a s e s ,  
and the f l u i d  p re s su re  i n  the  nozz le  and i n  the spoo l  chamber C 

decreases .  The spool  moves t o  t he  l e f t  and connects  t h e  "brake" 
chamber w i t h  the  r e t u r n  l i n e .  The p r e s s u r e  i n  t h e  "brake" chamber 
and i n  the c y l i n d e r  7 decreases .  Under t h e  i n f l u e n c e  o f  t h e  s p r i n g  
5, the p i s t o n  6 moves t o  t h e  l e f t  and s t r e t c h e s  t h e  s p r i n g  8. Under 
the  i n f l u e n c e  of t h e  d i f f e r e n c e  o f  the  f o r c e s  o f  t h e  s p r i n g s  8 and 
3 ,  t h e  f l a p p e r  moves toward t h e  nozz le ,  and the f l u i d  p r e s s u r e  i n  
t h e  nozz le  and i n  t h e  spool  chamber C i n c r e a s e s .  The s p c - 1  moves 
t o  the  r i g h t  and i s o l a t e s  t he  "brake" chamber from the  r e t u r n  l i n e .  
A pres su re  p r o p o r t i o n a l  t o  t h e  given c o n t r o l l i n g  c u r r e n t  i s  
es tab l i shed  i n  t h e  "brake" chamber. 
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CHAPTER 11 

AIRCRAFT BRAKE COOLING AND TIRE PRESSURE REGULATION SYSTEMS 

1. Brake and Wheel Cooling Techniques 

One of  t h e  b a s i c  c h a r a c t e r i s t i c s  of  t h e  a i r c r a f t  wheel brake 

is i t s  energy abso rp t ion  c a p a c i t y .  Usual ly ,  t he  brake i s  designed 
t o  absorb t h e  energy du r ing  a s i n g l e  landing .  I n  t h i s  case, t h e  
temperature  o f  the  wheel and brake p a r t s  must no t  exceed a l i m i t i n g  
va lue  determined by t n e  wheel drum and t i r e  material s t r e n g t h .  
Usually t he  temperature  a t  t h e  p o i n t  of  t i r e  contacfv w i t h  t he  wheel 
does not  exceed 125' C .  

However, i n  the case of l ong  t a x i  d i s t a n c e s  w i t h  heavy b rak ing  
o r  when makiiig l and ings  w i t h  s h o r t  t i m e  i n t e r v a l s  between them, 
ove rhea t ing  and f a i l u r e  o f  t h e  t ires,  b rakes ,  and wheels may t a k e  
p l ace .  

The t i r e s  are the most vulr ierable  wheel s y s t e m  component; 
t h e r e f o r e ,  va r ious  measures are ;aken t o  avoid  Overheating them. 
Inc rease  of  t h e  brake  mass reduces i t s  s p e c i f i c  c h a r a c t e r i s t i c s  
and n a t u r a l  coo l ing  becomes slowei*, which reduces a i r p l a n e  mob i l i t y .  

Natural coo l ing  depends s i g n i f i c a n t l y  on wheel and brake  
c o n s t r u c t i o n .  Fast coo l ing  r e q u i r e s  free flow o f  co ld  a i r  t o  t h e  

b r a k e  s t a c k .  Sea l ing  of t h e  wheels,  i n s t a l l a t i o n s  o f  mud p r o t e c t i o n  
pane l s ,  and a l s o  compact c o n f i g u r a t i o n  o f  t h e  wheel components 
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Figure  11.2. Temperature 
v a r i a t i o n  of  a i r -cooled  brake 
when performing s e q u e n t i a l  

. -  

Figure  11.1. Boeing 727 braked landings .  
wheel with air  fan .  

degrade the  n a t u r a l  coo l ing  cond i t ions .  For  most unsea led  wheels, 
t h e  n a t u r a l  coo l ing  t i m e  v a r i e s  i n  the 1 .5  - 2 hour range; w i t h  

t h e  i n s t a l l a t i o n  o f  mud p r o t e c t i o n  pane l s ,  t he  t i m e  is  i n  the  

2.5 - 3 hour range; and f o r  t he  completely sealed wheels - i n  
t h e  3 - 4 hour  range.  

The use o f  a i r  f a n s  t o  a c c e l e r a t e  brzke  and wheel coo l ing  has 
r e c e n t l y  been i n i t i a t e d .  

F igure  11.1 shows a Boeing 727 braked vrheel equipped w i t h  an 
a i r  fan .  The f a n  i s  d r i v e n  by an  e l e c t r i c  motor l o c a t e d  i n  the 
wheel ax le .  The coo l  a i r  i s  drawn from o u t s i d e  by t he  f an ,  f lows 
through the annu la r  gap between t h e  brake and the  wheel drum, and 
a l s o  between the  i n d i v i d u a l  brake components and the  axle. The a i r  
flow creates a s o r t  of c u r t a i n  between t h e  brake and t h e  wheel drum, 
p r o t e c t i n g  t h e  t i r e  a g a i n s t  overhea t ing .  

- /176 

Figure 1 1 . 2  shows the  Boeing 727 brake tempera ture  v a r i a t i o n  
when performing scheduled f l i g h t s  o f  s h o r t  d u r a t i o n .  The s o l i d  
l i n e  shows t h e  tempera ture  v a r i a t i o n  when us ing  the  coo l ing  s y s t e m  
and the  dashed l i n e  i s  withr-.it t h e  c o o l i n g  s y s t e m .  We see from t h e  
f i g u r e  tha t  e i g h t  l and ings  were made i n  t he  course  of  n ine  hours .  
I n  every l and ing ,  t h e  mass average d i s c  temperature of  t h e  brake  

wi th  o p e r a t i n g  c o o l i n g  sys t em d i d  not  exceed 450° C ,  and t h e  f an  
caused more r a p i d  b r a k e  d i s c  tempera ture  r educ t ion  a f t e r  brak ing .  
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During t h e  first f o u r  f l i g h t s  ( w i t h  t he  f a n  o p e r a t i n g  i n  P l i g h t ) ,  
the  brake  tempera ture  decreased  maricealy and p r i o r  t o  l and ing  was 
about  9 4 O  C .  During t h e  remaining f l i gh t s  ( s h o r t e r  d u r a t i o n  f l i g h t s ) ,  
the brake d i s c  tempera ture  decreased t o  2 O 5 O  C. I n  the absence o f  
t h e  c o o l i n g  s y s t e m ,  there was g radua l  heat accumulat ion,  which led 
t o  i n c r e a s e  of t h e  brake tempera ture  a f t e r  each landing.  When 
performing the  f o u r t h  lending ,  t h e  brake (and, consequent ly ,  
wheel drum) tempera ture  reached the  c r i t i c a l  va lue ,  the  f u s i b l e  p lug  
melted, and t i r e  p r e s s u r e  was l o s t .  

A i r  coo l ing  systems have r e c e n t l y  becomo very  w i d e l y  used i n  
c i v i l  a v i a t i o n  a i r p l a n e s .  However, use  o f  t h e  :ooling s y s t e m  w i t h  

a f a n  b u i l t  i n t o  the a x l e  i s  p o s s i b l e  only  i f  there i s  adequate  
space i n  both  t h e  wheel a x l e  and the wheel i t se l f .  Mobile ground- 1177 
based coo l ing  s y s t e m s  are used when the  wheel i s  small and it i s  not  
p o s s i b l e  t o  i n s t a l l  a f an .  

The a i r  c o o l i n g  sys tem w i t h  a f a n  cannot provide  any p - s c t i c a l  
brake energy abso rp t ion  c a p a c i t y  i n c r e a s e ,  s i n c e  the  f a n  cannot 
provide  any p r a c t i c a l  r educ t ion  o f  the  heat s i n k  tez. . r a t u r e  d u r i n g  
t h e  brak ing  p rocess ,  which only  las ts  15 - 20 seconas.  Only 
l i q u i d  coo l ing  systems can i n c r e a s e  the  brake energy a b s o r p t i o n  
c a p a c i t y  and a l s o  reduce t h e  wheel cernperature regime. A l l  t h e  

v a r i o u s  coo l ing  schemes and t h e i r  hardware implementat ions can be 

d iv ided  i n t o  two groups. 

The first group i n c l u d e s  t h e  l i q u i d  c o o l i n g  schemes i n  which 
t h e  heat released d u r i n g  braking  warms a coo lan t  which c i r c u l a t e s  
cont inuous ly  i n  t h e  coo l ing  s y s t e m  (Figure  11 .3) .  The warmed 
coolant  i s  cooled i n  a s p e c i a l  c o o l e r  2 a;7d aga in  en te r s  t h e  brake.  
Such s y s t e m s  are c losed  w i t h  forced  coolan t  c i r c u l a t i o n  provided 
by t h e  pump 1. Design-wise, t h i s  scheme i s  most s i m p l y  r e a l i z e d  /178 1 

f o r  t h e  expander t i h ~  brakes, s i n c e  the heat s i n k  (brake l i n i n g )  
i s  mounted r i g i d l y  on t h e  wheel. 

; 



Fig  ire 11.3. Schematic o f  
f o r  :ed brake c o o l i n g  sys t em 
u:;j Ig c i r c u l a t i n g  coo lan t .  

However, w e  no te  t h a t ,  
because of  the i r  cons ide rab le  
weight, systems o f  t h i s  k ind  
cannot improve br&,be s p e c i f i c  
energy a b s o r p t i o n  capac i ty .  
Therefore ,  t h e y  are used on ly  
as sys tems which reduce the 
tempera ture  regine of t h e  wheel 
and i t s  elements  i n  o r d e r  t o  
i n c r e a s e  a i r p l a n e  u t i l i z a t i o n .  

1- 9ump; 2- coo le r .  

t h e  l i q u i d  c o o l i n g  s y s t e m s  i n  which c o o l i n g  o f  t h e  brake and t h e  

wheel e lements  is  accomplished by -Japorizing the  c o o l i n g  l i q u i d  
supplied t o  +he brake. The l i q u i d  may be supp l i ed  e i ther  f n  t h e  

dispersed state or i n  t h e  form o f  a s o l i d  j e t .  Water o r  a mixture  
c . f  water and a l c o h o l  i s  most o f t e n  used as the  coo l ing  l i q u i d .  
? h e  advantage o f  such sys tems i s  t h e  p o s s i b i l i t y  of i n c r e a s i n g  t h e  
t r e e  energy a b s o r p t i o n  c a p a c i t y  ty vapor i z ing  t h e  water (or o t h e r  
c o o f b g  l i q u i d ) ,  which absorbs  a cons ide rab le  amount of  heat. 

The second group i n c l u d e s  

However, it i s  imposs ib le  i n  p r a c t i c e  t o  c r e a t e  c o n d i t i o n s  
w i t h  brake coo l ing  rate equa l  t o  t h e  rate of  heat release. Therefore, 
t h e  e x i s t i i . 6  vapor i z ing  t y p e  l i q u i d  c o o l i n g  s y s t e m s  remove from t h e  

brake m l y  part cf the  heat (20  - 30%).  However, even i n  t h i s  case, 
a ga in  is  obt?’.ned i n  both  brake weight and s i z e .  

An ,v rapora t ive  type  d i s c  brake coo l ing  s y s t e m  is shown i n  
FiE;uro 1 1 . 4 .  During a i r p l a n e  l and ing  a t  t h e  moment o f  brake  
apLAza t ion ,  t h e  p i l o t  dep res ses  t he  b rake  r educ t ion  va lve  6 and 

. t u a l e s  t h e  e l e c t r i c a l  switch 7 which e n e r g i z e s  t h e  relay 4 which 
then  z p p l i e s  e l e c t r i c a l  p u l s e s  of d e f i n i t e  d u r a t i q n  t o  t he  va lve  2.  
A t  t h e  mm,ent o f  a c t u a t i o n  of t h e  va lve  2 ,  water under p r e s s u r e  
flowr from t h e  t ank  3 through t h e  va lve  2 i n t o  t h e  spray  manifold 1. 
h r r  under t h e  same p r e s s u r e  en ters  t h e  s p r a y  manifold a long  w i t h  
t h e  water. As t h e  water l eaves  t h e  s p r a y  manifold o r i f i c e ,  i t  i s  
atomiriad by t h e  a i r .  As t h e  water s t r ikes  the  f r i c t i o n  s m f a c e ,  it 
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Figure  11.4.  Vaporizing t y p e  
coo l ing  system for d i sc  brake. 

1- spray  manifold; 2- e l e c t r o -  
magnetic va lve ;  3- t ank ;  4- 
pu lsed  r e l a y ;  5- pneumatic 
accumulator;  6-  r educ t ion  va lve ;  
7- electr ical  swi tch .  

t r ans fo rms  i n t o  steam and c o o l s  
t h e  brake and t h e  wheel drum. 
Such sys tems have nade it 
p o s s i b l e  t o  i n c r e a s e  the  brake 
energy a b s o r p t i o n  c a p a c i t y  by 
1 5  - 20% without  i n c r e a s i n g  
brake s i z e  and weight, reduce 
wheel tempera tures ,  and permit 
success ive  t a k e o f f s  and l and ings  
wi th  very small t i m e  i n t e r v a l s  
between l and ings  when us ing  
heavy braking.  F igu re  11.5 
shows t h e  brake element and 
wheel tempera ture  v a r i a t i o n  w i t h  
and without  the c o o l i n g  system. 
The s o l i d  l i n e s  show t h e  

uncooled brake and t h e  dashed 

l i n e s  - the brake wi th  the  
l i q u i d  c o o l i n g  system. 

T h i s  c o o l i n g  s y s t e m  can be i n s t a l l e d  on any d i s c  brake without  
s i g n i f i c a n t  mod i f i ca t ion  o f  t h e  la t ter .  

When des ign ihg  l i q u i d  cooled brakes, it i s  n e c e s s a r j  t o  cons ide r  
that the  brake must wi ths tand  one-time abso rp t ion  o f  a l l  t h e  k i n e t i c  
energy i n  case  of coo l ing  s y s t e m  f a i l u r e .  

/179 

The weight of  the brake heat absorb ing  elements  i s  determined 
on t h e  basis o f  t he  emergency b rak ing  cond i t ion  (case of  coo l ing  
sys tem f a i l u r e ) .  I n  t h i s  case, the heat sink bulk  tempera ture  can 
be  t aken  equa l  t o  z 800° C .  

L e t  us  c a l c u l a t e  t h e  basic  parameters  for an example case .  
We f i n d  the  heat absorber  weight from t h e  emergency braking  
cond i t ion  

V t - 5) ' p (  max Gha ac  t 



where Ab i s  t h e  t o t a l  k i n e t i c  

energy absorbed by the  b rake  
du r ing  emergency braking;  a is 
t h e  mechanical e q u i v a l e n t  o f  
heat;  c is  the  mean s p e c i f i c  

heat of t h e  heat abso rbe r  
materials; tmax i s  the  maximal 

P 

F igure  11.5. Brake element mass average  heat abso rbe r  - 
t empera ture ;  and ti i s  t h e  and wheel tempera ture  v a r i a t i o n  

after braking.  
i n i t i a l  heat abso rbe r  temperature .  

We t a k e  t,, - ti = 800° c. 

Spec i fy ing  the  heat abso rbe r  tempera ture  d u r i n g  b rak ing  wi th  
t h e  coo l ing  system ope ra t ing ,  we f i n d  t h e  energy going t o  heat the  
heat abso rbe r  

where Gha is the  heat abso rbe r  weight ,  found from t h e  emergency 

b rak ing  cond i t ion ;  and tw i s  the  heat abso rbe r  working tempera ture  

equa l  t o  350 - 450° C ( w e  take tw - ti  = 400° C). Then w e  f5nd 

the  p a r t  o f  t h e  energy which, a f te r  be ing  t ransformed i n t o  heat, 
goes t o  vapor i ze  t he  coo l ing  l i q u i d  

A"b = Ab - Ab 

where A t b  is the  energy going t o  heat t h e  hea t  abso rbe r  w i t h  t h e  

coo l ing  system working. 

Knowing At'b and the  t o t a l  heat of v a p o r i z a t i o n  of  t h e  coo l ing  

l i q u i d ,  we f i n d  t h e  amount of coo l ing  l i q u i d  i n  t h e  i dea l  case  ( i . e . ,  
w i t h  100% v a p o r i z a t i o n )  

Ab " 
= 

Gcool  aIcool 9 
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where Icool i s  t h e  t o t a l  heat o f  vapor i za t ion .  

Under a c t u a l  cond i t ions ,  

wnere a i s  a c o e f f i c i e n t  account ing  f o r  incomplete  l i q u i d  
v a p o r i z a b i l i t y  (a = 1.3 - 1 .5 ) .  

After de termining  t h e  amount of  coo l ing  l i q u i d  r e q u i r e d  f o r  
brake coo l ing  under a c t u a l  c o n d i t i o n s  and knowing t h e  braking  time, 
we c a l c u i a t e  the coo l ing  l i q u i d  weight f l o w r a t e  

a 
G = -  Gcool 

T ’  

where T i s  the  b rak ing  t i m e .  

Then, depending on t h e  brake design, w e  determine t h e  most 
r a t i o n a l  p l a c e s  f o r  i n s t a l l a t i o n  o f  t h e  nozz le s  whicn sp ray  the 
c o o l i n g  l i q u i d .  After de te rmining  the  nozz le  l o c a t i o n  and number, 
w e  c a l c u l a t e  t he  flow area 

where f a  i s  t h e  flow s e c t i o n  area o f  a s i n g l e  nozz le ;  n i s  the  qumber 

o f  nozz les ;  A i s  t h e  e f f e c t i v e  f l o w r a t e  c o e f f i c i e n t  f o r  coo l ing  
l i q u i d  (or mix tu re )  discharge; and Ap is  t h e  p r e s s u r e  d i f f e r e n t i a l  
a c r o s s  t h e  nozz le s .  

2 .  Tire  P res su re  Regulat ion Syscerns 

The need t o  o p e r a t e  a i r p l a n e s  on a i r f i e l d s  w i t h  d i f f e r e n t  s o i l  
~ t r e n g t h s  has  l e d  t o  t h e  n e c e s s i t y  f o r  u s ing  t i r e  p r e s s u r e  r e g u l a t i o n  
systems. 
l i m i t s ,  i n c r e a s e  t h e  area of wheel con tac t  w i t h  t h e  ground and reduce 
the  s p e c i f i c  pressure on the  ground. A 5  a r u l e ,  the  p r e s s u r e  regu- 
l a t i o n  systems are remotely c o n t r o l l e d  from t h e  cockp i t .  

These systems, which vary t h e  tire pres su re  w i t h i n  a e f i n i t e  - 1181 



Figure 11.6. T i r e  p r e s s u r e  r e g u l a t i o n  system. 
1- f i t t i n g ;  2- e lec t romagnet ic  va lve ;  3- r e s t r i c t o r ;  4- sa fe ty  
va lve ;  5- e lec t romagnet ic  va lve ;  6- gland;  7- t r a n s f e r  va lve ;  
8- s i g n a l  lamp; 9- on-off bu t ton ;  10 ,  11, 13- r e l a y s ;  12- 
p r e s s u r e  gage: 1 4 -  p r e s s u r e  c o n t r s l l  er .  

L e t  u s  examine the  t i r e  p r e s s u r e  r e g u l a t i o n  system o f  a 
p a r t i c u l a r  a i r p l a n e  (F igure  11 .6) .  The system c o n s i s t s  o f  a i r  
l i n e s  connect ing t h e  engine  compressors w i t h  t h e  t i r e s  and s e v e r a l  
components. A i r  i s  b l ed  from the  compressor through the  f i t t i n g  1 
and, a f t e r  p a s s i c g  through a heat exchanger and mois ture  absorber ,  
e n t e r s  t h e  e lec t romagnet ic  va lve  2. When t h e  va lve  opens, t h e  a i r  
e n t e r s  t h e  main l i n e ,  pas ses  through t h e  r e s t r i c t o r  3, and t h e n  
e n t e r s  t h e  title through. the r o t a t i n g  g l ands  6 and t h e  t r a n s f e r  va lves  
7,  l o c a t e d  d i r e c t l y  on the  wheels. When t h e  t r a n s f e r  valve 7 opens,  
t h e  t i r e  i s  f i l l e d  w i t h  a i r  o r  a i r  i s  b l e d  from t h e  t i r e ,  depending 
on the a i r  p r e s s u r e  i n  t n e  n a i n  l i n e .  The t r a n s f e r  va lve  7 i s  
cons t ruc t ed  so  t h a t  i t  opens when t h e  supply p r e s s u r e  r ises above 
2 kG/cm2, connect ing the t i r e  w i t h  t h e  p r e s s u r e  r e g u l a t i o n  s y s t e m  

2 l i n e .  The va lve  c l o s e s  when the  p r e s s u r e  i n  t h e  l i n e  i s  2 kG/cm 
o r  less.  The l i n e s  running t o  t h e  e lec t romagnet ic  va lve  5, p r e s s u r e  
c o n t r o l l e r  1 4 ,  and p r e s s u r e  gage 12 a r e  connected w i t h  t h e  main l i n e .  

The s y s t e m  i s  c o n t r o l l e d  from t h e  c o c k p i t ,  where t h e  p r e s s u r e  
s e l e c t o r  1 4 ,  p r e s s u r e  gauge 12 ,  s i g n a l  lamp 8 ,  and system on-off 
bu t ton  9 are loca ted  on %he p i l o t ' s  console .  The re lays  10, 11, and 1182 
1 3  i n  t h e  e l e c t r i c a l  remote c o n t r o l  system t o  provide  automatic  va lve  
a c t u a t i o n .  The sa fe ty  valve 4 i s  i n s t a l l e d  t o  p r o t e c t  t h e  l i n e s  and 
components a g a i n s t  ove rp res su re .  



The s y s t e m  o p e r a t e s  as fo l lows .  I n  t h e  de-energized s t a t e ,  t he  
e lec t romaghLt ic  va’ve 2 connects  the  main a i r  l i n e  through t h e  
r e s t r i c t o r  3 wi th  t h e  atmos2here and b locks  a i r  flow from the  p r e s s u r e  
sources .  I n  t h e  de-energized s ta te ,  t h e  e lec t romagnet ic  va lve  5 
a l s o  connec ts  t he  main a i r  l i n e  w i t h  t h e  atmosphere. I n  o r d e r  t o  
i n c e a s e  the  p r e s s u r e  i n  t he  t ires,  the  knob o f  t h e  p r e s s u r e  
selector  1 4  i s  r o t a t e d  t o  set the  s e l e c t o r  p o i n t e r  oppos i t e  the 
r e q u i r e d  pressure on t h e  ins t rument  scale.  I n  t h i s  ca se ,  the  
s e l e c t o r  c o n t a c t s  are open. Ac t iva t ion  o f  t h e  system i s  accomplished 
by b r i e f l y  dep res s ing  the s ta r t  b u t t o n  9 ,  which s u p p l i e s  c u r r e n t  t o  
t h e  windings o f  r e l a y s  1 0  and 11. The r e l ay  1 0  remains energ ized  
a f t e r  p r e s s u r e  i s  released from t h e  bu t ton  9 ,  s i n c e  t h e  winding c i r -  
c u i t  o f  r e l a y  1 0  i s  c losed  by t h e  c o n t a c t s  o f  IDelay 13. Relay 10 
ene rg izes  t h e  e lec t romagnet ic  va lves  2 and 5 ,  and a t  t h e  same time, 
t h e  s i g n a l  lamp 8 i l l u m i n a t e s  i n d i c a t i n g  t h a t  t h e  s y s t e m  i s  ope ra t ing .  
Valve 5 b locks  ven t ing  of t h e  a i r  i n t o  t h e  atmosphere and va lve  2 
a t  t he  same time connects  t h e  main a i r  l i n e  w i t h  the  p r e s s u r e  source.  
A i r  beg ins  t o  flow through t h e  r e s t r i c t o r  3 t o  t h e  t r a n s f e r  va lve  7.  

2 When the p r e s s u r e  reaches  2 kG/cm , t he  t r a n s f e r  va lves  open and 
connect the  t i p e s  w i t h  t h e  main a i r  l i n e .  With f u r t h e r  i n c r e a s e  o f  
t h e  p r e s s u r e  i n  t h e  s y s t e m ,  t he  t i r e s  f i l l  w i t h  a i r .  F i l l i n g  o f  t h e  

t i res  can be  monitored on t h e  p r e s s u r e  gauge 12 .  

When t h e  p r e s s u r e  i n  t h e  t i r e s  r eaches  t h e  value e s t a b l i s h e d  
by t h e  p re s su re  s e l e c t o r  1 4 ,  t h e  s e l e c t o r  c o n t a c t s  c l o s e  and r e l a y  
1 3  a c t u a t e s .  T h i s  opens t h e  winding c i r c u i t  of  re lay 1 0  and resets 
the  re lay c o n t a c t s  and, t h e r e f o r e ,  va lves  2 and 5 t o  t h e  o r i g i n a l  
p o s i t i o n .  The s i g n a l  lamp goes o u t ,  va lve  2 p,nevents a i r  e n t r y  i n t o  
the  s y s t e m ,  and va lve  5 dumps.the a i r  from the  main l l n e  i n t o  t h e  
atmosphere. I n  t h i s  case ,  t he  p r e s s u r e  i n  t h e  s y s t e m  i s  less than  
2 kG/cm and t h e  t r a n s f e r  va lves  7 c l o s e .  The a i r  i n  t h e  t i r e s  w i l l  
be  i s o l a t e d  frm t h e  main a i r  l i n e .  

2 

I n  o r d e r  t o  reduce t i r e  p r e s s u r e ,  t h e  knob of  t h e  s e l e c t o r  1 4  
i s  r o t a t e d  t o  se t  t h e  p o i n t e r  oppos i t e  t h e  r e q u i r e d  s c a l e  d i v i s i o n .  
The system i s  a c t i v a t e d  by depres s ing  t h e  start  bu t ton  9 .  



L e t  us  examine the two p r e s s u r e  r educ t ion  s t a g e s .  The first 
stage i s  w i t h  t he  s tar t  b u t t o n  depressed ,  r e l a y s  10  and 11 have 
a c t u a t e d  and have app l i ed  c u r r e n t  t o  t h e  e lec t romagnet ic  valve; 2 
and 5. I n  t h i s  case ,  t h e  p rev ious ly  examined f i l l i n g  p rocess  
r e p e a t s .  The p r e s s u r e  i n  t he  main a i r  l i n e  i n c r e a s e s  and, upon 
r each ing  2 kG/cm , opens a l l  t h e  t r a n s f e r  va lves  7. When t h e  l i n e  
p r e s s u r e  reaches  t h e  t i r e  pressure,  t h e  c o n t a c t s  o f  s e l e c t o r  1 4  
c l o s e  and r e l a y  13 a c t u a t e s .  The second stage i s  w i t h  t h e  s t a r t  
b u t t o n  released, t h e  c o n t a c t s  of  r e l a y  10  have r e t u r n e d  t o  the  
o r i g i n a l  p o s i t i o n  but  r e l a y  11 remains ac tua t ed .  The va lve  2 ,  
c o n t r o l l e d  by  relay 1 0 ,  is  de-energized and r e t u r n s  t o  t h e  o r i g i n a l  
p o s i t i o n ,  b locking  a i r  flow i n t o  t h e  s y s t e m  and connec t ing  t h e  s y s t e m  
t o  t h e  atmosphere through the  r e s t r i c t o r  3 .  I n  both  t h e  first and 
second stages, t h e  va lve  5 and t h e  s i g n a l  lamp remain ene rg ized  
and, consequent ly ,  a i r  i s  not  vented from t h e  a i r  l i n e  i n t o  t h e  

atmosphere. A p r e s s u r e  equa l  t o  t h e  p r e s s u r e  i n  the t i r e s  is  
establ ished i n  t h e  l i n e  between the  r e s t r i c t o r  3 and t h e  t r a n s f e r  
va lves  7.  T h i s  p r e s s u r e  i s  above 2 kG/cm , and, t h e r e f o r e ,  a l l  the  

t r a n s f e r  va lves  7 remain open. The t i r e  p r e s s u r e  dec reases ,  s i n c e  
a i r  i s  vented i n t o  t h e  atmosphere through t h e  r e s t r i c t o r  3 and 
valve 2.  The p r e s s u r e  r e d u c t i o n  2 rocess  t e rmina te s  when t h e  p r e s -  
s u r e  s e l e c t e d  by t h e  s e i e c t o r  1 4  i s  established i n  t h e  system. A t  
this moment, the  s e l e c t o r  c o n t a c t s  open, t h e  winding o f  r e l a y  11 
i s  de-endergized, and t h e  c o n t a c t s  of  r e l a y  13 open the  sup?ly 
c i r c u i t  o f  relay 11. R e l a y  11 de-energizes  t he  valve 5 and >he 

l a t t e r  dumps t h e  a i r  i n t o  the  atmosphere. The p r e s s u r e  i n  t h e  main 
a i r  l i n e  f a l l s  below 2 kG/cm and a l l  t h e  t r a n s f e r  va lves  7 c l o s e ,  
i s o l a t i n g  t h e  t i r e s  from t h e  r e g u l a t i o n  s y s t e m .  The s i g n a l  lamp 
goes o u t .  

2 

2 

2 

T h i s  i s  an e l e c t r i c a l  remote c o n t r o l  s y s t e m .  It i s  used on 
heavy a i r p l a n e s  w i t h  'ow t i r e  p r e s s u r e  which do not r e q u i r e  p r e s s u r e  
c o r r e c t i o n  as a func t ion  of speed. S ince  t h e  t i r e  speed c h a r a c t e r i s -  
t i c  depends on t i r e  p r e s s u r e ,  p re s su re  r educ t ion  below a d e f i n i t e  
l e v e l  may l e a d  t o  t read s e p a r a t i o n  and t i r e  f a i l u r e  d g r i n g  t a k e o f f .  
In  t h i s  case ,  t h e  p r e s s u r e  r e g u l a t i o n  s y s t e m  w i t h  c o r r e c t i o n  based 

on speed may provide both improved a i r p l a n e  f l o t a t i o n  over  t h e  

ground and r e t e n t i o n  o f  t h e  r e q u i r e d  t i r e  speed c h a r a c t e r i s t i c s .  

2 10 
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Figure 11.7. Sprhy manifold of 
l i q u i d  coo l ing  system. 
1- f i t t i n g ;  2- l i n e ;  3- tubes ;  
4- v e r t i c a l  t u b i n g  ex tens ions .  

t 

Figure  11.8. Liquid ccroling 
s y s t e m  s p r a y  nozz le .  

3. Liquid Gooling and T i r e  P res su re  Regulat ion System Components 

The spray  manifold (F igure  11.7)  i s  t h e  main component of the 
vapor iz ing  t y p e  coo l ing  sys t em and de termines ,  t o  a cons ide rab le  
degree, t h e  e f f e c t i v e n e s s  of  t h e  e n t i r e  system. The manifold con- 
sists of an annu la r  l i n e  2 w i t h  f i t t i n g  1 f o r  connect ion t o  t h e  
coo l ing  sys tem.  Tubes 3 o f  smaller diameter branch o f f  from t h e  
annu la r  l i n e  i n  t h e  a x i a l  d i r e c t i o n  and a r e  a r ranged  i n  t h e  brake  
housing s l o t s .  Each tube  3 t e rmina te s  i n  a v e r t i c a l  e r t e n s i o n  4 
which i s  attached by  a s p r i n g  t o  t h e  brake  housing supgor t  f l ange .  
The v e r t i c a l  ex tens ions  are loca ted  between t h e  s e c t o r s ,  which are 

ex tens ions  4 have c a l i b r a t e d  o r i f i c e s .  These o r i f i c e s  are p o s i t i o n e d  
sd t h a t  t h e  sprayed l i q u i d  impacts d i r e c t l y  on t h e  f r i c t i o n  s u r f a c e .  
I n  some des igns ,  the  l i q r l i d  i s  sp rayed  us ing  s p e c i a l  nozz les .  The 
c o n s t r u c t i o n  of one such nozz le  i s  shown i n  F igure  11.8.  

/184 r i v e t e d  t o  t h e  suppor t ing  f l ange .  The tubes  3 and t h e  v e r t i c a l  - 
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Figure  11.9.  T i re  p r e s s u r e  r e g u l a t i o n  system p r e s s u r e  s e l e c t o r .  
1- housing; 2- f l ange ;  3- s l eeve ;  4- sp r ing ;  5- shaft;  6- knob 
and pointtt?; 7- d e t e n t  p in ;  8- s c a l e ;  9- space r ;  1 0 ,  ?A, 17, 
18- c o n t a c t s ;  1 2 ,  13, 1 6 ,  30, 33- wires; 1 4 -  f l ange ;  15- housing; 
19- r i n g ;  20- s p r i n g ;  21- cup; 22- c o n t a c t o r ;  23- e l e c t r i c a l  
connector ;  24- f i l t e r ;  25- sp r ing ;  26- p i s t o n  rod ;  27- sylphon; 
28- guide;  29- sylphon u n i t ;  31- feedthrough;  32- e l e c t r i c a l  lead. 

>!e shall  examine some c h a r a c t e r i s t i c s  o f  t h e  t i r e  p res su re  
r e g u l a t i o n  system components. The p r e s s u r e  s e l e c t o r  is a manually 
c o n t r o l l e d  p re s su re  r e l a y .  The o p e r a t i n g  p r e s s u r e  is s e l e c t e d  by  

s e t t i n g  t h e  p o i n t e r  oppos i t e  t h e  corresponding s e l e c t o r  s c a l e  
d i v i s i o n .  The o p e r a t i n g  p r e s s u r e  ranges  from 2 t o  5 kG/cm . The 
o p e r a t i n g  p r e s s u r e  i s  independent o f  the ambient p r e s s u r e ,  s i n c e  a 
sylphon w i t h  evactlated i n n e r  chamber i s  used a s  t h e  seqs ing  element.  

2 

The u n i t  ope ra t e s  as fo l lows  (F igure  1 1 . 9 ) :  w i t h  i n c r e a s e  of  
t h e  p r e s s u r e  supp l i ed  t o  t h e  u n i t ,  t h e  s e n s i t i v e  element (sylphon)  
27 c o n t r a c t s  and d i s p l a c e s  t h e  c o n t a c t o r  32 coupled w i t h  t h e  sylphon. /I85 
I n  t h i s  p rocess ,  t h e  c o n t a c t s  18  c l o s e  s e q u e n t i a l l y  w i t h  t h e  s t a t i o n -  
a r y  c o n t a c t s  1 7 ,  whose p o s i t i o n s  are se t  so  t h a t  c l o s u r e  o f  each of 
t he  seven con tac t  p a i r s  ( con tac t  18 and t h e  s t a t i o n a r y  con tac t  1 7 )  
takes place a t  a d e f i n i t e  p r e s s u r e  (from 2 t o  5 kG/cm a t  0.5 kWsm 2 2 
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i n t e r v a l s ) .  Closure o f  each con tac t  p a i r  does not  prevent  closur'e 
of t h e  next  p a i r .  After c l o s u r e  of each  c o n t a c t  p a i r ,  t h e  c o n t a c t o r  
22 cont inues  t o  d i s p l a c e s ,  compressing t h e  s p r i n g s  20 o f  t he  pre- 
v i o u s l y  c losed  c o n t a c t s  18. As the  p r e s s u r e  supp l i ed  t o  t h e  u n i t  
decreases  the c o n t a c t o r  22 d i s p l a c e s  t o  the  0rigiti;:l p o s i t i o n  under 
t h e  i n f l u e n c e  of  the  s p r i n g  25 and t h e  e l a s t i c i t y  of t h e  sylphon 
27, which leads t o  opening o f  the con tac t  p a i r s .  

I n  order t o  set the  r e q u i r e d  o p e r a t i n g  p r e s s u r e ,  t he  p o i n t e r  6 
i s  r o t a t e d  t o  the  l e f t ,  the  d e t e n t  p i n  7 withdraws from t h e  bo le  I n  
f l a n g e  2 ,  and the p o i n t e r  6 i s  se t  oppos i t e  t h e  d i v i s i o n  of 4J,'lta 

s c a l e  8 corresponding t o  t he  r e q u i r e d  o p e r a t i n g  p res su re .  The 
p o i n t e r  6 i s  held i n  t h i s  p c s i t i l - n  by t h e  d e t e n t  p i n  7, which drops 
i n t o  the corresponding ho le  i:: t h e  f l ange  2 w d e r  t h e  i n f l u e n c e  
o f  t he  s p r i n g  4 .  

As the p o i n t e r  6 i s  r o t a t e d  t o  t h e  r e q u i r e d  p o s i t i o n ,  t h e  t e e t h  1186 
of  t he  shaft  5 ,  which are In t h e  Erooves of t h e  s l e e v e  3 ,  s h i f t  the  
s l e e v e  and a t t a c h e d  con tac t  10  t o  a p o s i t i o n  i n  which the  con tac t  
1 0  c l o s e s  wi th  con tac t  11, connected by  t he  w i r e  16  wi th  the  
c o n t a c t  17 ,  which i s  se t  t o  t h e  o p e r a t i n g  p rcs su re  corresponding 
t o  the p o s i t i o n  o f  t h e  p o i n t e r  6 .  
connector  23, connectc '  by the  wire 1 3  w i t h  t h e  movable con tac t  1 0 ,  
i s  now connected t o  c o n t a c t  17 ,  which i s  s't t o  t he  o p e r a t i n g  p r e s s u r e  
corresponding t o  the  p o s i t i o n  of t h e  pofnt,er 6.  The l ead  o f  t h e  
e l e c t r i c a l  p l u g  2 3  i s  connected by the  wlre  33 w i t h  t h e  c o n t a c t s  18. 
Closure of the  e l e c t r i c a l  c i r c u i t  of  t he  e l e c t r i c a l  cc.:inector leads 
w!.th i n c r e a s e  o f  t he  p r e s s u r e  suppl ier :  t o  t h e  u n i t  a1-3 opening of 
t h e  c i r c u i t  with r educ t ion  o f  t h e  pi 'essure takes p i a c e  a t  p r e s s u r e s  
corresponding t o  t he  p o s i t i o n  of  t he  p o i n t e r  6.  

The lead of t he  e l e c t r i c a l  

The t r a n s f e r  va lve  i s  i m t a l l e d  r i g h t  a t  t h e  wheel an3 i s  
connected by t ub ing  w i t h  t he  t i r e  and t h e  a i r  supply l i n e .  The 
valve makes i t  p o s s i b l e  t o  au tomat i ca l ly  i n c r e a s e  o r  decrease  the  
p r e s s u r e  i n  t h e  t i r e  i n  t,he range from 2 t o  6 kG/cm . 
of pre8sure  i n  t h e  su.pply l i n e ,  th2 t r a n s f e r  va lve  main ta ins  t h e  
pressure i n  t h e  t i r e .  A schematic o f  the  va lve  ope ra t ion  i s  shown 

2 I n  t h e  absence 



no pressure in l ine - (valve closed) . 
pressure Supplied to l ioe  

(valve open) 

I vents to atmosphere 

Figure 11.10. Operat i on  of t r a n s f e r  va lve .  
1- valve;  2- housing; 3, 6- sp r ings ;  4- r e s t r i c t o r ;  5- plunger .  

i n  F igure  L . 1 0 .  Cresses i n d i c a t e  suppl ied  p r e s s u r e  chambers, 
dashes i n d i c a t e  atmospheric p re s su re  chambers, and stars i n d i c a t o  
p r e s s u r e  i n  a close:: chamber. I n  t h e  i n i t i a l  p o s i t i o n  without  
p r e s s u r e  3n t he  l i n e ,  the  va lve  1 i s  seated on the  housing 2 by 
the s p r i n g  6 and by the a i r  p r e s s u r e  i n  the  t i re .  With i n c r e z s e  
of  the l i n e  pres -ure  t o  1 .5  - 2 KG/cm2, t h e  sylphon u n i t  A d i s p l a c e s  
an? f o r c e s  the valve 1 from the seat 2 ,  t h u s  connect ing t h e  t i r e  
chamber with the a i r  l i n e  through passage B i n  t he  p lunger  5. A t  
2 pressure less than  1.5 kG/cm , the  s p r i n g  3 r e t u r n s  the sylphon 
u n i t  A t o  the o r i g i n a l  p o s i t i o n  and the  va lve  i under the a c t i o n  
of the  s p r i n g  6 and the  t i r e  p r e s s u r e  i s  forced  a g a i n s t  t h e  seat 2.  

2 

The opening p r e s s u r e  of t he  va lve  1 is p r a c t i c a l l y  independent 
o f  t h e  t i r e  p re s su re ,  s i n c e  t h e  working a r e a  of t he  va lve  1 is 
cons iderably  less than  t h e  d i f f e r e n c e  of t h e  e f f e c t i v e  areas of  t h e  
large and small sylphons.  I n  t h e  chamber B of t h e  p lunger  5 ,  there 
i s  t h e  r e s t r i c t o r  4 ,  whick, c r e a t e s  a p r e s s u r e  d i f f e r e n t i a l  which 
aids the  s p r i n g  3 i n  r e t u r n i n g  the sylphon u n i t  r a p i d l y  t o  t h e  
o r i g i n a l  p o s i t i o n  i f  there is  an  abrupt  drop of t h e  p res su re  from 
t h e  l i n e .  T h i s  valve c o n s t r . * - t i o n  p reven t s  any l o s s  of t i r e  
p res su re .  The i n n e r  chamber between the  sylphons i s  vented t o  t h e  
atmosphere. 
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CHAPTER 1 2  

STAND TESTS OF AIRPLANE LANDING GEAR AND BRAKE SYSTEMS 

1. Landing Gear Shock Absorber T e s t s  

We noted p rev ious ly  that  wheel and t i r e  s e r v i c e  l i f e  and 
r e l i a b i l i t y  depend, t o  a cons ide rab le  degree, on the  e f f e c t i v e n e s s  
of the landing  gear shock absorb ing  s y s t e m .  I f  t h e  gear shock 
Zksorber does not  absorb  a l l  t he  des ign  a i r p l a n e  inpact energy 
du r ing  landing ,  the remaining p a r t  goes i n t o  t h e  t i r e  and may cause 
unacceptable  t i r e  deformation.  Operat ing exper ience  has shown tha t  
a p rope r ly  designed l and ing  gear shock abso rbe r  ensu res  re l fab le  
wheel and brake  operacion.  

Shock s t r u t  t e s t i n g  i s  conducted on an  impact t e s t i n g  machine. 
The shock s t r u t  i s  mounted on t h z  t e s t e r  housifig and i s  released 
t o g e t h e r  w i th  t h e  housing and a weight o f  d e f i n i t e  magnitade. By 
vary ing  the  weight  of the  housing and ballast and i t s  free-fall  
height,  we can vary t h e  magnitude of t h e  v e r t i c a l  load  a c t i n g  or! 
t h e  wheels a t  t h e  i n s t a n t  of  con tac t  as a func t ion  o f  shock s t r u t  
t r a v e l  and released load  c e n t e r  o f  g r a v i t y  displaceinent .  The drop 
process  i s  recorded on an o s c i l l o g r a p h .  The r e s u l t i n g  osc i l l og rams  
a r e  used t o  p l o t  curves  of t h e  load  P on t h e  shock s t r u t  and wheels 
as a func t ion  of  dropped load  c e n t e r  of g r a v i t y  displacement  h and 
shock s t r u t  t r a v e l  d S s  f o r  abso rp t ion  by the  shock s t r u t  of t h e  

des ign ,  maximal,  and u l t i m a t e  works ( F i g u r e s  1 2 . 1  and 1 2 . 2 ) .  The 



Figure  12 .1 ;  Vertical  f o r c e  P v e r s u s  dropped l o a d  c e n t e r  of 
g r a v i t y  displacement  h. 

r e s u l t i n g  loads  on the wheels should no t  exceed the  specif ied and 
des ign  va lues .  I f  the measured loads  are excess ive ,  t h e  shock 
s t r u t  basic parameters (charg ing  p r e s s u r e  o r  needle  flow area; are 
changed and the tests are repea ted .  

I n  a d d i t i o n  t o  the  dynamic characterist ics ob ta ined  by dropping 
the shock s t r u t ,  w e  a l s o  s tudy  the shock s t r u t  s t a t i c  characteristics, 
for example, t h e  shock s t r u t  f o r c e  dependeme on its t r a v e l .  As a 
r u l e ,  these c h a r a c t e r i s t i c s  are recorded f o r  v a r i o u s  shock s t r u t  
charg ing  p r e s s u r e s .  I n  c e r t a i n  cases, t h e  gear drop t e s t s  are made 
w i t h  the  wheels spun up t o  speed i n  o r d e r  t o  o b t a i n  mbre p r e c i s e  
r . ? S U l t S .  

O s c i l l a t i o n s  (shimmy) of  the  s w i v e l l i n g  p a r t  o f  the  gear s t r u t  
have cons ide rab le  i n f l u e n c e  on t h e  o p e r a t i o n  of  wheels i n s t a l l e d  on 
the  nose gear. Both t h e  wheel and brake  elements  and t h e  s t r u t  as 
a whole can f a i l  i n  the presence o f  t h e s e  o s c i l l a t i o n s .  During such 
s t r u t  o s c i l l a t i o n s ,  the  a i r p l a n e  d i r e c t i o n a l  rcab ' . l i ty  dec reases  
markedly. The nose gear i s  s u b j e c t e d  t o  s p e c i a l  tests t o  e v a l u a t e  
t h e  s t a b i l i t y  margin a g a i n s t  sh i ;my .  The technique  f o r  conduct ing 
these tes t s  i s  as fo l lows .  The s t r u t  w i t h  wheel mounted on it i s  

- /189 

i n s t a l l e d  I n  a s p e c i a l  adaptep on t h e  drop t e s t  machine housing. - / l 90  
The t e s t  machine c7,i.um i s  a c c e l e r a t e d  t o  the  r e q u i r e d  speed, a f t e r  
which t h e  housing i s  lowered s o  tha t  t h e  t i r e  has t h e  s p e c i f i e d  
d e f l e c t i o n .  After the  wheel comes up t o  speed, t h e  swive l ing  p a r t  
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Figure 12.2. Vertical  load  P 
versus  shock s t r u t  t r a v e l  6ss.  

o f  t he  s t r u t ,  t o g e t % e r  w i t h  the  

wheel, are turned  t 'pough a 
d e f i n i t e  ang le  ( u s u a l l y  8 - l o o )  
by a s p e c i a l  a t tachment ,  a f t e r  
which the  at tachment  used t o  
r'otiiie the air i i t  i s  disconnzttz2 
abrup t ly .  The t r a c t i o n  f o r c e  o f  
the wheel w i t h  t h e  drum w i l l  
t end  t o  r e t u r n  the  wheel and 
swive l ing  p a r t  o f  t he  s t r u t  t o  
the n e u t r a l  p o s i t i o n .  If there 
is adequate  damping o f  the  swivel-  
i n g  p a r t  o f  t he  nose gear s t r u t ,  
i t ,  t o g e t h e r  w i th  t h e  wheel, 
r e t u r n s  t o  t h e  n e u t r a l  p o s i t i o n  

after completing some number o f  o s c i l l a t i o n s .  If damping is  inade- 
qua te ,  t h e  o s c i l l a t i o n s  may become undamped and the  am;,litude may 
even inc rease .  "he tests are conducted w i t h  va r ious  drum speeds and 
va r ious  loads  on the wheel. I f  necessary ,  t he  damper system i s  
c o r r e c t e d  by s e l e c t i o n  of t h e  t h r o t t l i n g  elements .  

2. Basic  Wheel Tests 

k'heet t e s t s  for s t a t i c  s t r e n g t h .  T e s t i n g  of t h e  wheel under 
r a d i a l  loading  i s  conducted on a s p e c l a l  p r e s s  (F igure  12.3)  w i t h  

t he  t i r e  load and d e f l e c t i o n  recorded by a s p e c i a l  record.er. During 
t h i s  t e s t i n g ,  t h e  t i r e  i s  f i l l e d  w i t h  water. The p r e s s u r e  i n  t he  
%i re  must not  exceed t h e  o p e r a t i n g  p r e s s u r e  i n  t h e  crJurse o f  t h e  

t es t s ;  t h i s  i s  ensured by t h e  use of  pneumohydraulic compensators. 
The load  i s  inc reased  smcothly u n t i l  f a i l u r e  ef che wheel or i t s  
i n d i v i d u a l  components. The wheel i s  c o ~ ~ ~ ; k r e d  t o  pas s  t h e  rad ia l  - /193. 
loading  tes t  i f  t h e  r a d i a l  load a t  f a i l u r e  I s  equal  t o  o r  g r e a t e r  
than  t h e  des ign  f a i l u r e  load .  
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3. Brake Tests 

The b a s i c  brak ing  c h a r a c t e r i s t i c s  of t h e  brake and i t s  
temperature regime are checked i n  the normal ope ra t ing  regime on 
t h e  i n e r t i a l  s t and .  The s t and  drum w i t h  masses a t t a c h e d  t o  it i s  
a c c e l e r a t e d  t o  a d e f i n i t e  speed, after which the  e l e c t r i c  motor 
is disconnected and the wheel, mounted on the  s t and  p r e s s u r e  plate, 
is forced  a g a i n s t  the drum w i t h  radial load  equal  t o  Pst Idg, 

after which the brake i s  app l i ed  and braking  takes place u n t i l  t h e  
stand drum comes t o  a complete s top .  The braking process  is recorded 
by an osc i l l og raph  or a manometric r eco rde r .  The recorded braking  
moment diagrams are used t o  e v a l u a t e  t h e  brake c h a r a c t e r i s t i c s ,  and 
the  temperature curve is  used t o  e v a l u a t e  i t s  thermal regime. The 
primary c r i te r ia  which determine brake e f f e c t i v e n e s s  are: 

the  minimal braking moment; % max is t h e  maximal braking moment; 
% min I s  

and !$, av is t h e  average braking moment. 

The average braking moment can be found from the formula: 

where 

wheel r o l l i n g  r a d i u s ;  and Lst is t h e  running d i s t a n c e  (on t h e  s t a n d ) .  

is the energy abscrbed by the b rake ;  rd i s  t h e  dynamic 

Brake s e r v i c e  l i f e  tes t s  are also conducted on t h e  ine- t ia l  
s tand  i n  t h e  ope ra t iona l  regime. The t rake and wheel must  withstand 
t h e  r equ i r ed  number o f  b rak ings  while r e t a i n i n g  t h e  braking charac- 
t e r i s t i c s .  The f r i c t i o n  element wea- r a t e  and s e r v i c e  l i f e  a r e  
determined i n  t h e  s e r v i c e  l i f e  tests.  

4. Wheel and Brake Test Equipment 

- /19 3 

The wheel and brake loading cond i t ions  d u r i n g  ope ra t ion  
determine t h e  complexity of t h e  t e s t  equipment r equ i rpd  f o r  wheel 
and brake development &id i n s €  ? c t i o n  t e s t s  i n  t h e  development and 
production process. As a ru l e ,  t he  f a c t o r i e s  o r  firms which 
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where n1 i s  the s l i d i n g  block rpm. 

Along t h e  s l i d i n g  block s l o t  t r a v e l s  t h e  s l ider  B, w i t h  which 
there i s  connected the crank 02B which r o t a t e s  about i t s  a x i s  02. 

The d i s t a n c e  b between t h e  s l i d i n g  block and crank r o t a t i o n  axes  
i s  r e g u l a t e d  by p a r a l l e l  s h i f t  of t h e  sha f t  crank a x i s  r e l a t i v e  
t o  the  s t a t i o n a r y  s l i d i n g  block axis. With i n c r e a s e  of t h e  d i s t a n c e  
between the  s l i d i n g  block and crank r o t a t i o n  axes t o  t h e  magnitude 
b and w i t h  cons t an t  s l i d i n g  block a n g u l a r  v e l o c i t y ,  t he  crank shaft 
w i l l  have a v a r i a b l e  angular  v e l o c i t y  w2. Its  angu la r  a c c e l e r a t i o n  

w i l l  change s i g n  once p e r  s l i d i n g  b lock  r evo lu t ion .  The senso r  
c l c s e s  and opens t h e  e l e c t r i c a l  c i r c u i t  du r ing  one crank r evo lu t ion .  

The magnitude o f  the  angu la r  a c c e l e r a t i o n  w i t h  which t h e  crank 
shaf t  w i l l  r o t a t e  i s  found from t h e  r e l a t i o n  

2 s inP(1  +2acosf l+a2)( l  -a*) 
* -  ---- (Ib = 0 1  a 

( I  +acosfl;' - 

a = b / r ;  b i s  t h e  d i s t a n c e  ( spac ing)  between t h e  s l i d i n g  block and 
crank c e n t e r s  of r o t a t i o n ;  and r i s  t h e  crank r a d i u s .  

The sensor  i s  a t t a c h e d  t o  t h e  s t a n d  s l e e v e  f o r  t e s t ing .  We 
r o t a t e  t h e  s l i de  block mechanism handle  t o  a l t e r  t he  d i s t a n c e  b 

between t h e  c e n t e r s  O1 and O2 ( s e e  F igure  1 2 . 9 ) .  

i s  measured us ing  a v e r n i e r .  A t  a d e f i n i t e  head displacement  t he  

sensor  begins  t o  gene ra t e  s i n g l e  pu l ses .  T h i s  i n s t a n t  i s  charac- 
t e r i z e d  as t h e  senso r  s e n s i t i v i t y  t h r e s h o l d .  S t a b l e  c lear -cu t  
sensor  p u l s e s  appear  w i t h  f u r t h e r  s l i d  block mechanism head d i sp lace -  
ment. The d i f f e r e n c e  i n  magnitude between t h e  c l ea r - cu t  and i n i t i a l  
pu l se s  c h a r a c t e r i z e s  t h e  s t a b i l i t y  o f  t h e  mechanism. 

The displacement 

I n  c r d e r  t o  check t h e  b r a k e  release pu l se  d u r a t i o n ,  t h e  speed 
reducer  handle i s  placed i n  t h e  h i g h  speed p o s i t i o n ;  t h e  s l i d e  
block i s  released from t h e  f l y w h e e l  and t h e  handle I s  tised t o  se t  
ze ro  head displacement between t h e  c e n t e r s  0102. 

i s  aga in  energ ized  a t  t h e  r equ i r ed  rpm. After 3 - 5 seconds,  when 

Then t h e  motor 
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the  senso r  f lywheel  has  t h e  r e q u i r e d  speed, the  senso r  shaft  is 
d i s c m n e c t e d  from t h e  speed reducer  and braked sharp ly .  A t  t h i s  
i n s t a n t ,  t h e  senso r  gene ra t e s  an e l e c t r i c a l  s i g n a l .  The t i m e  i n  
the  course  o f  which t h e  s i g n a l  is  maintained i s  recorded by an 
e l e c t r i c a l  s t o p  watch. The technique  f o r  checking d i r e c t  a c t i n g  
a n t i s k i d  c o n t r o l l e r s  does  no t  d i f f e r  from the  technique  for  checking 
the i n e r t i a l  e lec t romechanica l  s enso r s  w i t h  t he  except ion  tha t  t h e  
tes t  s t a n d  must be equippe? w i t h  a pneumatic o r  hydrau l i c  system. 

6 .  Brake and Ant i sk td  Systein Stand Tests 

Stand t e s t s  o f  t h e  brake and a n t i s i t i d  systems are conducted i n  
o rde r  t o  check func t ion ing  o f  bo th  t h e  e n t i r e  s y s t e m  and i t s  
i n d i v i d u a l  components. For c o r r e c t  e v a l u a t i o n  o f  system func t ion ing ,  
i t s  plumbing l i n e s  must have l e n g t h  and diameter c l o s e  t o  those  used 
aboard the  a i r p l a n e .  During t h e  t e s t s ,  t h e  system i s  connected 
e i t h e r  t o  the b r a k e s  o r  t o  speLial  mockups whose s t i f f n e s s  and 
volume c h a r a c t e r i s t i c s  are as c l o s e  as p o s s i b l e  t o  those  of  t h e  

a c t u a l  b r a k e .  i n  o r d e r  t o  o b t a i n  more a c c u r a t e  t e s t  r e s u l t s ,  t h e  

hydrau l i c  f l u i d  p r e s s u r e  should be t h e  same as t h a t  used on t h e  
a i r p l a n e .  A s  a r u l e ,  s t a n d  tests o f  t h e  e n t i r e  system are conducted 
w i t h  ambient temperature  c l o s e  t o  s t anda rd .  However, each system /I98 
component i s  f u r t h e r  sub jec t ed  t o  a l l  t h e  r e q u i r e d  t e s t s  throughout 
t h e  o p e r a t i n g  temperature  range.  

During t h e  system s t a n d  tes t s ,  we check s y s t e m  func t ion ing ,  
na tu re  of brake  p r e s s u r e  v a r i a t i o n  w i t h  l i n e a r  i npu t  s i g n a l  v a r i a t i o n ,  
va lues  of  the  b a s i c  parameters (brake  p r e s s u r e ,  c o n t r o l  c u r r e n t ,  
b rake  peda l  t r a v e l ,  et : .) ,  and system response speed (brake  appl ica-  
t i o n  and r e l e a s e  t imes ) .  

After checking t h e  b r a k e  system, t h e  a n t i s k i d  system c o n t r o l l e r  
func t ion ing  and e f f e c t i v e n e s s  i s  checked. As a r u l e ,  t h i s  check I s  
made on an i n e r t i a l  s t and .  T e s t i n g  o f  t he  a n t i s k i d  system c o n t r o l l e r  
on t h e  s tand i s  made i n  Gwo regimes: sk idd ing  and ncnskidding. The 
tes ts  begin i n  t h e  nonskidding regime. For t h i s ,  t h e  wheel ,  mounted 
on t h e  s t a n d  p res su re  p l a t e ,  i s  brought a g a i n s t  t h e  drum which I s  

a l r eady  up t o  speed. The r o t a t i n g  drum mass mus t  be s e l e c t e d  s o  as 
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t o  complete the b rak ing  p rocess  i n  t h e  course  of  t h e  s p e c i f i e d  time. 
Then t h e  wheel i s  forced  a g a i n s t  t h e  drum and loaded by a radial  
load  equa l  t o  t h e  s t a t i c  load.  After t h i s  b rak ing  p r e s s u r e  i s  
a p p l i e d  t o  t h e  brake and braking  takes p l ace .  T r i s b e r i n g  o f  t h e  
a n t i s k i d  s y s t e m  c o n t r o l l e r  should nut  t a k ?  p l a c e  i n  t h i s  regime. 

I n  the  sk idd ing  regime tes t s ,  t h e  wheel, j u s t  as i n  the f i r s t  
case ,  i s  fo rced  a g a i n s t  t h e  sp inn ing  drum, but  i n  t h i s  case ,  t h e  
t i r e  d e f l e c t l o n  should b e  25% of t h e  t o t a l  d e f l e c t i o n  ( so  t h a t  t h e  

t r a c t i o n  moment w i l l  be  d e f i n i t e l y  :I.ess t h a n  t h e  maximal urak ing  
moment). After p re s su re  i s  a p p l i e d  t o  t he  brake, a brakl-.g regime 
i s  establfshed i n  which t h e  brak ing  msment w i l l  be greater t h a n  the 
t r a c t i o n  moment. The wheel beg ins  t o  s k i d ,  bu t  t h e  a n t i s k i d  system 
c o n t r o l l e r  must e l iminate  t h e  s k i d  from the  moment of  brak ing  
i n i t i a t i o n  dowii L O  a speed of 20 - 30 km/hr. The braking  time r1 

i n  t h e  sk idding  regime ( w i t h  t i r o  d e f l e c t i o n  equa l  t o  0.25% o f  t h e  
t o t a l  d e f l e c t i o n )  should not  exceed 4~ (where T i s  t h e  braking  t i m e  
w i t h  complete t i r e  d e f l e c t i o n ) .  

Modeling p r i n c i p l e s  have been used more and more r e c e n t l y  i n  
brake s y s t e m  t e s t i n g  and development. 

F2gure L2.10 Shows t h e  block diagram o f  a s t a n d  which makes i t  
p o s s i b l e  t o  check a i r p l a n e  a r . t i sk id  system func t ion ing .  The s t a n d  
ope ra t ion  i s  based on us ing  e l e c t r i c a l  and p h y s i c a l  analoge of  t h e  
rea-- processes  t a k i n g  p l ace  du r ing  system t e s t i n g .  The p r i m a r y  
parameters which determine t h e  brak ing  p rocess  under a c t u a l  condi- 
t i o n s  (energy absorbed by t h e  wheel b r a k e ,  b rak ing  moment, t r a c t i o n  
moment, wheel moment of i n e r t i a ,  angular  v e l o c i t i e s  and acce1el.a- 
t io r l s ,  2nd c e r t a i n  o t h ? r s )  are modeled on t h e  s t and  by  mechanical 
analo'gs. The v a r i a b l e  q u a n t i t i e s  sJhich determine t h e  brak ing  moment 
are s imula ted  by e l e c t r i e a l  vo l t ages  and t h e  automatic  ope ra t ions  
on t h e s e  q u a n t i t i e s  are performed b y  mathematical  modeling methods. 
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Fikure 12 .10 .  Test s t a n d  schematic .  
1- e l e c t r i c  motw;  2- t achgene ra to r ;  3 ,  6- gear ing;  4 -  s imu la to r  
of energy absorbed by t h e  brake;  5- magnetic p a r t i c l e  c l ' i tch;  7- 
a n t i s k i d  system e k c t r o i n e r t i a l  sensor ;  8- brake  r educ t inn  va lve ;  
9- brake system components; 10- whoel b rake ;  11, 12- po ten t iome t r i c  
m u l t i p l e r s ;  13 - 16- d r i v e r s ;  17- servomechanism; 18- feedback. 

Magnetic p a r t i c l e  c l u t c h e s  (MPC) a r e  used on t h ?  s t and  t o  
t ransform the  e l e c t r i c a l  vo l t ages  UT,! and U i n t c  mec:!anical 

t r  Mb 
moments. The magnetic p a r t i c l e  c lutcl-  has aeve rh l  advantsges  : 
l i n e a r  v a r i a t i o n  o f  t h e  t ransformed moment w i t h  c o n t r o l  c u r r e n t ,  
q u i t e  h igh  g a i n ,  fas t  response,  q u i t e  high s e n s i t i v i t y ,  e t c .  

A f lywheel  mass ( c o n s i s t i n g  cf s e v e r a l  d i s c s )  i s  used i n  t h r  

s t a n d  t o  s imula t e  t h e  energy absorbed b y  a s i n g l e  h r a k e d  wheel. 
The wheel s imula to r  i s  t h e  magnetic c l u t c h  i n t e r n a l  element mounted 
on t h e  same s h a f t  w i t h  t h e  in te rchangeable  gea r ing  which meshes w i t h  

t h e  a i rplane s y s t e m  senso r  gear ing .  

Modeling of  t h e  t r a c t i o n  c o e f f i c i e r l t ,  r ad ia l  load on t h e  wheel,  
wheel dynamic r a d i u s ,  and drake f r i c t i o n  p a i r  f r i c t i o n  c o e f f i c i e q t  
i s  accomplished on t h e  s t and  by e l e c t r i c a l  vo l t ages .  Change af  t h e  /200 

v a r i a b l e s  as P func t ion  of  a i r p l a n e  speed i s  accornplisned by a se rv?  
sys t en .  A t achgene ra to r  a c t s  as t h e  s , e e d  persor .  
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The s t and  o p e r a t e s  as fo l lows .  A senso r  which conve r t s  t h e  
system p res su re  i n t o  an e l e c t r i c a l  s i g n a l  i s  connected t o  wheel 
brake l i n e .  The a i r p l a n e  system i n e r t i a l  s enso r  is  t aken  from the  
wheel and i t s  gea r ing  is meshed w i t h  t h e  wheel s i m u l a t o r  gea r ing .  
The e l e c t r i c a l  connection o f  t h e  senso r  w i t h  t h e  a i r p l a n e  system i s  
r e t a i n e d .  Then t h e  motor a c c e l e r a t e s  t h e  f lywheel  t, t he  speed 
s p e c i f i e d  by the  tes t  program and i s  then  switched o f f .  The c o n t r o l  
vo l t age  U, 

(M 1, i s  ap? l ied  t o  t h e  t r a c t i o n  c l u t c h .  The wheel s i m u l a t o r  

begins  t o  r o t a t e  at  a d e f i n i t e  speed and d r i v e s  t h e  i n e r t i a l  s e n s o r  
gearing. The process  corresponds t o  unbraked a i r p l a n e  l and ing  
r o l l o u t .  

, propor t iona l  t o  the magntidue o f  t h e  t r a c t i o n  m y  , i t  
t r  

tr  

The o p e r a t o r  c r e a t 2 s  t h e  brak ing  p r e s s u r e  Fb, w i t h  i n c r e a s e  of 

which the?e appears  a vol tage  U i n  t h e  braking  c l u t c h  c o n t r o l  
Mb 

channel ,  s imu la t ing  t h e  brak ing  moment Mb. 

U, 
corresponding t o  braked r o l l o u t  without  sk idd ing  takes p l ace .  

I f  t he  vo l t age  U < 
,b 

, t h e  b rake  c l u t c h  o p e r a t e s  i n  t he  s l i p  regime - the  p rocess  
tr 

However, i f  U. > UN Mb tr  
, t h e  wheel s imula to r  begiris t o  l o s e  speed 

and t r a n s i t i o n s  t o  sk idding .  The automatic  brake release s e n s o r  
coupled w i t h  t he  wheel s imula to r  a l so  l o s e s  speed and when t h e  

d e c e l e r a t i o n  reaches  t h e  des ign  va lue ,  c l o s e s  the  braking  s y s t e m  
e l e c t r o v a l v e  c i r c u i t  .?a t h e  p r e s s u r e  i s  released from the  brake .  
With p re s su re  decrease ,  t h e  c u r r e n t  t o  t h e  brak ing  c l u t c h  dec reases  
correspondingly.  The wheel s imula to r  speeds up, t h e  a i r p l a n e  
system a l lows  t h e  working p res su re  t o  flow t o  the  brake,  e t c .  The 
r o l l o u t  proc,ess w i t h  automatic  c o n t r o l l e r  t r i g g e r i n g  takes p lace .  
After t h e  s t o r e d  energy i s  d i s s i p a t e d ,  t h e  f lywheel  comes t o  a s t o p  
and t h e  process  t e rmina te s .  

The t o t a l  number of  f lywheel  r e v o l u t i o n s  du r ing  l and ing  r o l l o u t  
( t o  t h e  adopted s c a l e )  corresponds t o  t h e  number of  r e v o l u t i o n s  of 
t h e  I d e a l  a i r p l a n e  wheel r o l l i n g  without  sk idd ing  and i s  p ropor t iona l  
t o  t h e  brak ing  d i s t a n c e .  The process  time i s  equa l  t:, t h e  a i r p l a n e  
landing  r o l l o u t  t ime. 
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CHAPTER 13 

WHEEL AND BRAKE SYSTEM FLIGHT TESTS 

1. General Informat i o n  

F l i g h t  tests v e r i f y  and confirm he s u i t a b i l i t y  o f  w..eels and 
brake sys tems f o r  o p e r a t i o n  on the  a i r p l a n e .  The tests inc lude :  

- de te rmina t ion  o f  landing  r o l l o u t  d i s t a n c e  and braking  
e f f e c t i v e n e s s  ; 

- -  de te rmina t ion  of  op t imal  brake p res su re ;  

- e v a l u a t i o n  o f  a n t i s k i d  s y s t e m  o p e r a t i o n  under v a r i m s  
c l i m a t i c  condi t iof is  and w i t h  d i f f e r e n t  runway s u r f a c e s ;  

- de te rmina t ion  o f  wheel and brake tempera tures  du r ing  normal 
ope ra t ing  cond l t ions  and ic  t h e  emergency regimes;  

- de te rmina t ion  of b rake  f r i c t i o n  element s e r v i c e  l i f e ;  

- ? v a l u a t i o n  o f  a - i s i l i a r y  s y s t e m  (coo l ing  s y s t e m ,  ti:ie 
p r e s s u r e  r e g u l a t i o n  s y s t e m ,  e t c . )  ope ra t ion .  

As a r u l e ,  t he  t e s t s  are conducted under va r ious  c l i m a t i c  
cond i t ions .  I n  oi*der t h a t  t h e  t e s t  r e s u l t s  be  o b j e c t i v e ,  t he  
fo l lowing  b a s i c  parameters  c h a r a c t e r i z i n g  b rak ing  s y s t e m  o p e r a t i o n  
should be recorded du r ing  the  tes ts :  
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- brake p res su re ;  

-braked and unbraked wheel rpm; 

- c u r r e n t  p u l s e s  from t h e  a n t i s k i d  s y s t e m  c o n t r o l l e r ;  

- t smpera tures  o f  the  b a s i c  wheel and brake e l e z z n t s ;  

- brak ing  moment o r  b rak ing  f o r c e  i n  t he  gear drag l i n k s ;  

- load  f a c t o r  a c t i n g  a long  t h e  wheel a x i s .  

These parameters  are recorded us ing  s t anda rd  in s t rumen ta t ion .  
Nul t ichannel  o s c i l l o g r a p h s  o f  t h e  K20-21 t y p e  are used f o r  record ing .  
Membrane type  s e n s o r s  are used t o  record  brake p res su re .  Wheel speed 
r eco rd ing  i s  accomplished us ing  a p u l s e  t y p e  senso r  c o n s i s t i n g  of  

i n s t a l l e d  on t h e  wheel drum. As t h e  magnet passes the c o i l ,  an 
e i e c t r i c a l  pu l se  appears  i n  t h e  l a t t e r  and is  recorded  by  t h e  o s c i l -  
lograph.  Wheel r o t a t i o n  speed can a l s o  be  recorded  u s i n g  a p h o t o c e l l .  
I n  t h i s  case ,  one ha l f  of  t h e  t i r e  i s  p a i n t e d  white  and the  o t h e r  
ha l f  i s  l e f t  b lack .  The p h o t o c e l l  reacts t o  the t i r e  c o l o r  change 
and g e n e r a t e s  a p u l s e  which is recorded by the  o s c i l l o g r a p h .  
Recording of t h e  a n t i s k i d  s y s t e m  o p e r a t i n g  p u l s e s  i s  accozpl i shed  by  
connect ing a pu l se  senso r  i n  paral le l  wi th  the  e lec t romagnet ic  brake 

release valve.  Po r t ab le  c o n t a c t  pyrometers are used t o  r eco rd  wheel 
and brake element tempera tures .  I f  cont inuous r eco rd ing  of t h e  b r a k e  

temperature  v a r i a t i o n  as a f u n c t i o n  of t i m e  is required,  chromel-kopel 
thermocouples are i n s t a l l e d  a t  c e r t a i n  b r a k e  p o i n t s  ( i n  t h e  block,  
d i s c s ,  and brake housing)  and are connected through a n  ampl i f ie r  w i t h  

t h e  o s c i l l o g r a p h .  Recording o f  t h e  braking  moment o r  f o r c e  i s  
accomplished by  s t r a i n  gages bonded i n  a d e f i n i t e  p a t t e r n  on t h e  

b rake  housing or drag  rod.  I n  t hose  c a s e s ,  when i t  i s  r e c e s s a r y  t u  

eva lua te  t h e  load  f a c t o r s  a c t i n g  a long  t h e  wheel ax l e ,  v i b r a t i o n  
appa ra tus  of t h e  VI6-NA t y p e  w i t h  DU-5 a c c e l e r a t i o n  senso r  i n s t a l l e d  
on t h e  brake  housing i s  used. 

a c o i l  mounted on t h e  brake c y l i n d e r  b lock  and a permanent magnet /202 

Osci l lograph  p a p e r  speed of  a t  l eas t  50 mm/sec i s  recommended 
i n  o r d e r  t o  o b t a i n  high q u a l i t y  r eco rd ing .  Af te r  i n s t a l l i n g  a l l  t h e  

r equ i r ed  monitor ing and r eco rd ing  equipment , t h e  a i rplane 0~ :;:,icn 
t he  f l i g h t  t e s t s  are t o  be made i s  f i rs t  sub jec t ed  t o  grcund t e s t s .  



2. Ground T e s t s  

During t h e  ground t e s t s ,  a p re l imina ry  check i s  made of 
func t ion ing  of t h e  wheels, brakes, zcd brake s y s t e m s  as a whole. 
The ground tests s t a r t  w i t h  performing s e v e r a l  t a x i  r u n s  a t  low 
speed us ing  l i g h t  brak ing  ( f o r  t h e  minimal necessary  brake wear-in). 
After t h e  t a x i  runs are completed, an  e v a l u a t i o n  is  made o f  t he  

s t a t i c  brak ing  moment wi th  the a i g i n e s  running. T h i s  check i s  
made cn  a d ry  runway a t  maximal a i p p l a n e  t a k e o f f  weight. Yi th  t he  
des ign  brake p r e s s u r e ,  t he  moment must be such t h a t  t h e  wheels do 

not  t u r n  and hold t h e  a i r p l a n e  s e c u r e l y  w i t h  t h e  engines  ope ra t ing .  
Airplane movement w i t h  t h e  wheels braked i n d i c a t e s  t ha t  t h e  t h r u s t  
f o r c e  exceeds t h e  wheel t r a c t i o n  f o r c e  w i t h  the  runway. I n  t h i s  

case, i n c r e a s e  o f  t h e  brake p r e s s u r e  w i l l  no t  have any e f f e c t ,  and 
t h e  noted c h a r a c t e r i s t i c  i s  po in ted  o u t  i n  t h e  a i r p l a n e  f l i g h t  
o p e r a t i n g  i n s t r u c t i o n s .  However, i f ,  as t h e  engjne t h r u s t  i : icreases,  
t h e  wheels ro ta te ,  i n d i c a t i n g  inadequate  brak ing  aoment, i n c r e a s e  o f  
t h e  brake p res su re  can hold t h e  a i r p l a n e  i n  p o - i t i o n  w i t h  L 9 e  des ign  
t h r u s t .  After t h e  brake p r e s s u r e  r e q u i r e d  t o  hold t h e  a-lrplziie i n  /203 
p o s i t i o n  has been determined and recorded ,  we t u r n  t o  e v a l u a i i o n  of'  

t h e  opt imal  o p e r a t i o n a l  p r e s s u r e  i n  t he  brake system, s i n c e  i n c r e a s e  
o f  t h e  k i n e t i c  energy spectrum o f  t h e  modern a i r p l a n e s  has l e d  t o  
t h e  n e c e s s i t y  f o r  d i f f e r e n t  p r e s s u r e s  i n  t he  brakes  f o r  t h e  t a k e o f f  
and o p e r a t i o n a l  regimes ( f o r  brak ing  du r ing  l and ing  r o l l o u t ) .  

For pre l iminzry  e v a l u a t i o n  o f  des ign  p res su re  correspondence 
to t h e  o p e r a t i o n a l  p r e s s u r e ,  th ree  t o  f i v e  high speed t a x i  runs  are 
made on a dry runway w i t h  a c c e l e r a t i o n  of t h e  a i r p l a n e  t o  ( 0 . 7  - 
0 . 8 ) ~ ~ ~  and subsequent heavy braking.  The r e s u l t i n g  r eco rds  are 

analyzed. Figure 13 .1  shows record ings  o f  two a i r p l a n e  r o l l o u t s  
w i t h  d i f f e r e n t  o 3 e r a t i o n a l  b r a k e  p r e s s u r e s .  I n  F igure  13. la  we see 
c l e a r l y  t h e  f requent  a n t i s k i d  s y s t e m  c o n t r o l l e r  t r i g g e r i n g s ,  while  
i n  Figure 1 3 . l b ,  t h e  c o n t r o l l e r  t r i g g e r i n g s  a r e  in f r equen t .  
Frequent c o n t r o l l e r  t r i g g e r i n g s  i n d i c a t e  t h a t  t h e  b rak ing  moment 
exceeds tke t r a c t i c n  moment, As a r u l e ,  r educ t ion  o f  t h e  b r a k e  

p r e s s u r e  reduces  t h e  number c t  c o n t r o l l e r  t r i g g e r i n g s  , i n c r e a s e s  



brak ing  e f f e c t i v e n e s s ,  and 
reduces  t h e  l e v e l  of  the dynamic 
loads  a c t i n g  on the  gear compon- 
e n t s .  After q e t i r m i n i n g  t h e  

opt imal  brake p r e s s u r e ,  two 
o r  three more high speed t a x i  
r u n s  are made, a c c e l e r a t i n g  t h e  

a i r p l a n e  t o  0.7 - 0.8 vto w i t h  

subsequent heavy b rak ing  i n  
o r d e r  t o  determine t h e  braking  

Figure  13.1. Osci l lograms of 
brake moment % w i t h  brake  

p r e s s u r e  P v a r i a t i o n  du r ing  d i s t a n c e ,  which can be f o u d  
ground t e s t i n g  of  t h e  a i r p l a n e  from the  formula 
brake sys t em.  

b 

Lbd = 2rrdN, 

where rd i s  t h e  dynamic wheel r o l l i n g  r a d i u s ;  and N is  the  number of  

wheel r e v o l u t i o n s  from braking  i n i t i a t i o n  u n t i l  s topping .  

I f  the  brakin6  d i s t a n c e  meets the requirement and the wheel and /204 

brake tempera tures  do not  exceed t h e  a l lowable  va lue ,  the f l i g h t  

t e s t s  are startea.  Exceeding t h e  temperature  regime l n d i c a t e P  t h e  

n e c e s s i t y  f o r  i n t r o d u c i n g  l i m i t a t i o n s ,  f o r  example, on t h e  speed a t  
which braking  i s  i n i t i a t e d .  

3.  F l i g h t  Tests  

F l i g h t  tests inc lude  l and ings  a t  normal and maximal l and ing  
weight ,  a t  normal and maximal l and ing  speed,  and l and ings  w i t h  s h o r t  
time i n t e r v a l s  between them. The tes ts  must a l s o  inc lude  v e r i f i c a t i o n  
of  brake sys t em f u n c t i o n i n g  i n  case  of r e j e c t e d  t a k e o f f  w i t h  t h e  

a i r p l a n e  a t  maximum takeof f  weight .  A t  least  25 - 30 l and ings  must 
be made i n  o r d e r  t o  o b t a i n  r e l i a b l e  r e s u l t s .  

I n  conduct ing t h e  t e s t s ,  t h e  l and ings  must b e  made us ing  t h e  
technique  approved f o r  the  g iven  a i rp lane  w i t h  r eco rd ing  cf t h e  

parameters t n d i c a t e d  above. For e v a l u a t i o n  of brak ing  system 
e f f e c t i v e n e s s ,  t he  lafidings m c . - t  be made on a d r y  runway, w h i l e  f o r  

i 



e v a l u a t i n g  a n t i s k i d  system r e l i a b i l i t y ,  t hey  must b e  made on a wet 
rimway. I n  the  f i rs t  case ,  t h e  p i l o t  must use  mauzal b r a k e  p r e s s u r e .  
I f ,  i n  t h i s  c a s e ,  t h e  number o f  a n t i s k i d  system t r i g g e r i n g s  du r ing  
braking  does no t  exceed 10 - 15, w e  can cons ide r  t h a t  t he  brake  

p re s su re  has been establishee q u i t e  c l x e  tc! 1t.s opt imal  value.  A 

l a r g e  number of a n t i s k i d  system s e n s o r  t r i g g e r i n g s  i n d i c a t e s  i n su f -  
f i c i e n t  wheel t r a c t i o n  moment w i t h  t h e  runway o r  e x c e s s i v e  senso r  
s e n s i t i v i t y .  T r igge r ing  of  the  s y s t e m  i n  t he  first ha l f  of  t h e  

l and ing  r o l l o u t  i n d i c a t e s  i n s u f f i c i e n t  t r a c t i o n  because of t h e  

presonce o f  high wing l i f t  f o r c e  I n  t h i s  ca se ,  t h e  wing mechani- 
z a t i o n  which reduces l i f t  f o r c e  d u r i n g  r o l l o u t  must be improved i n  
o r d e r  t o  i n c r e a s e  b rak ing  e f f e c t i v e n e s s .  If i t  iz no t  p o s s i b l e  tr, 
reduce t h e  P f t  f o r c e  in f luence ,  g radual  i n c r e a s e  of t h e  brake 
p r e s s u r e  i n  t h e  f i r s t  h a l f  of t h e  r o l l o u t  and i n c r e a s e  o f  t h e  pres-  
s u r e  t o  t h e  maximal va lue  on ly  i n  t h e  second half of t h e  r o l l o u t  
should be recommended. 

During the fl iS.”lt  t e s t s ,  t he  temperature  must be checked a f te r  
each landing  =LC t h e  c r i t i c a l  wheel  and brake  l o c a t i o n s .  When 
m e a s u r h g  t h e  temperature ,  w e  must bear I n  mind t h a t  t he  maximal 
Lemperature on t h e  wheel drum ( a t  t h e  po in t  of wheel con tac t  w i t h  

t he  t i r e )  occurs  20 - 25 minutes a f t e r  t e rmina t ion  of  braking.  
If the  wheel drum temperature  exceeds t h e  a l lowable  va lue ,  t h e  drum 

must be cooled w i t h  water t o  avoid  t i r e  f a i l u r e  o r  explos ion .  The 
brak ing  moment c r e a t e d  by t h e  b r a k e  must no t  have l a r g e  o s c i l l a t i o n s  
r e l a t i v e  t o  t h e  aver2ge value and must not  have sha rp  overshoots .  
Large braking  moment v a r i a t i o n s  o r  overshoots  i n d i c a t e  e i t h e r  
abnormal brake ope ra t ion  o r  abnormal s y s t e m  ope ra t ion .  

Consider ing t h a t ,  i n  most c a s e s ,  t h e  b r a k e  thermal regime i s  
c a l c u l a t e d  on t h e  bas i s  of t h e  b r a k e  absorb ing  t h e  energy of  a 
s i n g l e  l and ing  and tha t  a d e f i n i t e  t i m e  f o r  b r a k e  coo l ing  i s  r equ i r ed  
be fo re  t h e  subsequent brak ing ,  t h e  peiiormance of  landings  w i t h  

s h o r t  time i n t e r v a l s  between them may cause ove rhea t ing  o r  b o t h  t h o  

b r a k e  and t h e  wheel and t i r e .  I n  t h i s  ca sc ,  t h e  a l lowable  number 
o f  landings  and t h e  cond i t ions  under which t h e y  are made mus t  be 
determined du r ing  t h e  f l i g h t  t e s t s .  For  example, c losed  p a t t e r n  

/205 



f l i g h t s  wi th  the  gear down may reduce t h e  tempera ture  regime and 
i n c r e a s e  t h e  a l l cwab le  number o f  landings .  

As a r u l e ,  the  r e j e c t e d  t a k e o f f  regime is  an  emergency 
cond i t ion ,  ir .  which t h e  b r a k e  must absorb  two t o  three times more 
energy t h a n  du r ing  normal ope ra t ion .  Overheat ing o f  t h e  wheels, 
brakes, and t i res  i s  unavoidable i n  t h i s  regime. Subsequent 
f a i l u r e  o f  i n d i v i d u a l  s t r u c t u r a l  e lements  i s  a l s o  p o s s i b l e .  
Therefore ,  du r ing  the  f l i g h t  tests,  t h e  r e j e c t e d  t a k e o f f  regime i s  
performed a t  t h e  very  end of  t h e  tests w i t h  observance of  s p e c i a l  
safety measures. I n  t h e s e  tes ts ,  t h e  temperature  measurements must 
be made remotely only ,  and i f ,  t he  c r i t i c a l  t empera tures  are 
reached,  i t  is  recommended that  immediate coo l ing  o f  t h e  wheels 
and t i r e s  w i t h  water be c a r r i e d  out  t o  prevent  an explos ion .  

During t h e  tes ts ,  t h e  wheels, b r a k e s ,  and o t h e r  brake  s y s t e m  
elements  must be sub jec t ed  t o  p e r i o d i c  i n s p e c t i o n  t o  e v a l u a t e  t h e i r  

t e c h n i c a l  s t a t u s .  I f  i t  i s  necessary ,  du r ing  t h e  f l i g h t  tes ts ,  t o  
e v a l u a t e  t h e  magnitude of  t h e  brake f r i c t i o n  element wear, t h e  
number of  l and ings  w i t h  heavy braking  must be inc reased  by a f a c t o r  
o f  two o r  th ree ,  s i n c e  i t  i s  impossible  t o  eva luh te  t h e  degree of 
wear a f t e r  25 - 30 landings  when us ing  wear r e s i s t a n t  f r i c t i o n  
materials. 

2 3 4  



CHAPTER 1 4  

BASIC RULES FOR TECHNICAL OPERATIOI; OF BRAKES, WHEELS, AND TIRES 

1. Rules  f o r  Brake, Wheel, and T i r e  Use 

Braking a f t e r  touchdown r e q u i r e s  s p e c i a l  a t t e n t i o n  and s k i l l  

on the  p a r t  o f  t h e  p i l o t .  Numerous s t u d i e s  snd obse rva t ions  show 
tha t  b rak ing  e f f e c t i v e n e s s  may be  d i f f e r e n t  orA t h e  same a i r p l a n e  
under t h e  same l and ing  c o n d i t i o n s  for d i f f e r e n t  p i l o t s .  If w e  
cons ide r  t h a t  b r a k i n g  d u r a t i o n  a f t e r  touchdown i s  1 5  - 20 seconds,  
i t  becomes c l ea r  t h a t  t h e  smallest  d e l a y  i n  i n i t i a t i n g  b rak ing  o r  
l a c k  of  s k i l l  i n  u s i n g  t h e  b r a k e s  may i n c r e a s e  b rak ing  d i s t a n c e  
cons ide raa ly .  Even w i t h  t he  most advanced b r a k e s ,  i t  i s  d i f f i c u l t  
t o  achieve  good r e s u l t s  i f  t h e  touchdown i s  rough. The re fo re ,  t h e  

touchdown must be smooth i n  o r d e r  t o  o b t a i n  t h e  minimal l and ing  
r o l l o u t  b rak ing  d i s t a n c e .  After  touchdown, t h e r e  should be some 
time i n t e r v a l  d e l a y  i n  o r d e r  t h a t  t h e  a i r p l a n e  a c q u i r e  d i r e c t i o n a l  
s t a b i l i t y ,  and only  a f t e r  t h i s  should  b rak ing  b e  i n i t i a t e d .  Depend- 
i n g  on t h e  a i r p l a n e  aerodynamic c h a r a c t e r i s t i c s ,  upon landing ,  i t  
may immediately "squat" t o  t h e  ground. I n  t h i s  ca se ,  t h e  l i f t  f o r c e  
dec reases  s h a r p l y ,  t h e  wheels acqu i r e  suffic:ier.t t r a c t i o n  w i t h  t h e  

runway, and t h e  p i l o t  can,  i n  t h e  cclirse o f  two o r  t h r e e  seconds,  
c r e a t e  t h e  maximal  b rak ing  moment, which makes  i t  p o s s l b l e  t o  c b t a i n  
minimal r o l l o u t  d i s t a n c e .  

/206 
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If t h e  l i f t  f o r c e  dec reases  g r a d u a l l y  a f t e r  touchdown, i t  i s  
recommended t h a t  maximal  b rake  p r e s s u r e  not  b e  used i n  t h e  f irst  
h a l f  of t h e  r o l l o u t ,  s i n c e ,  i n  t h i s  c a s e ,  t h e  b rak ing  moment w l l l  
no t  be f u l l y  r e a l i z e d  because o f  inadequate  t r a c t i o n  wi th  t h e  runway. 
Only a f t e r  the  wheels a c q u i r e  s u f f i c i e n t  t r a c t i o n  w i t h  t h e  runway 
can the  b r a k e  p r e s s u r e  be i n c r e a s e d  t o  i t s  maximal va lue .  As a 
r u l e ,  t h i s  takes p l a c e  i n  t h e  second h a l f  of t h e  r o l l o u t .  

I n  s p i t e  of t he  f ac t  t h a t  a l l  modern a i r p l a n e s  are equipped 
w i t h  a n t i s k i d  systems which e l i m i n a t e  sk idd ing ,  i t  i s  s t i l l  not  
recommended t h a t  t h e  wheel approach t h e  s k i d  regime. P e r i o d i c  b r a k e  /207 

a p p l i c a t i o n  and release by t he  a n t i s k i d  s y s t e m  causes  impulsive 
load ing  of  t h e  brakes and gear e lements ,  which reduces t h e i r  s e r v i c e  
l i f e .  

If t h e  a i r p l a n e  has a tendency t o  vee r  du r ing  r c l l o u t ,  t h i s  i s  
e a s i l y e l i m i n a t e d  by va ry ing  t h e  b rake  p r e s s u r e  i n  t he  cor responding  
brakes .  After b r i n g i n g  t h e  a i r p l a n e  t o  a s t o p  and t a x i i n g  t o  t h e  

park ing  area,  t h e  brake p r e s s u r e  should be re leased,  s i n c e ,  i n  t h i s  

c a s e ,  the  b r a k s  c o o l  fas ter  and, i n  a d d i t i o n ,  t h e  p r o b a b i l i t y  o f  
brake seal  ove rhea t ing  dec reases .  Greater c a r e  should be  u s e d  when 
t a x i i n g  on a wet runway, s i n c e ,  i n  t h i s  case, t h e  wheel may s ta r t  
t o  s k i d  and t h e  b rak ing  c o n t r o l l e r ,  i f  i n s t a l l e d ,  may be i n o p e r a t i v e  
a t  low speed and t h e  a i r p l a n e  may l o s e  d i r e c t i o n a l  : ' . a b i l i t y .  B r a k e  
f u n c t i o n i n g  and e f f e c t i v e n e s s  must be checked every time p r i o r  t o  
t akeof f .  As a r u l e ,  t h e  brakes  should be able t o  hold t h e  a i r p l a n e  
i n  posi+Yion w i t h  t h e  engines  o p e r a t i n g  a t  t a k e o f f  power. 

When new brakes are i n s t a l l e d  on an a i r p l a n e ,  I t  i s  recommended 
t h a t  they f i r s t  be  Lhecked and broken i n  us ing  l i g h t  b rak ing  and 
only then  should normal use of  t h e  b r a k e s  be i n i t i a t e d .  Usual ly  
t h ree  such break-in brake  a p p l i c a t i o n s  is s u f f i c i e n t .  We must bear 
i n  mind tha t  improper t rea tment  of t h e  brakes may l e c ; d  t o  s h o r t e n i n g  
o f  t h e i r  s e r v i c e  l i f e ,  f a i l u r e s ,  and even a i r c r z f t  a '2cidents .  I n  
o r d e r  t o  avoid  premature wear and o b t a i n  maximal e f f e c t  f iom t h e  
b rakes ,  i t  I s  recommended t h a t  t a x i i n g  not be done u l t h  p a r t l y  
%raked wheels ,  p a r t i c u l a r l y  i n  o r d e r  t o  main ta in  cons t an t  t a x i i n 6  



speed when the a i r p l a n e  engine  has h igh  i d l e  t h r u s t .  Only i n  case  
o f  extreme n e c e s s i t y  should so -ca l l ed  "pulsed braking" b e  used ,  
i . e . ,  p e r i o d i c  b rake  a p p l i c a t i o n  and re lease.  Smooth braking  should 
be used when t u r n i n g  and changing heading. When making t i g h t  t u r n s ,  
i t  i s  recommended t h a t  t h e  a i r p l a n e  not  be tu rned  ayound one wheel 
( o r  b o g i e ) ,  s i n c e  t h i s  leads t o  over loading  o f  t h e  gear l e g ,  t h e  
wheel, and p a r t i c u l a r l y  the  t i r e ,  which, i n  t h i s  case, may be t o r n  
from the  wheel r i m .  A t i g h t  t u r n  should always be made w i t h  t h e  
a i r p l a n e  moving forward. To prevent  r educ t ion  o f  b r a k e  e f f e c t i v e n e s s ,  
t h e  b r a k e  f r i c t i o n  elements  must b e  p r o t e c t e d  a g a i n s t  con tac t  w i t h  

o i l  and l u b r i c a n t s .  When d i sconnec t ing  t h e  hydrau l i c  l i n e  from t h e  
brake,  c a r e  must be taken  t o  avoid hydrau l i c  f l u i d  g e t t i n g  i n  t h e  

brake,  s i n c e ,  i n  a d d i t i o n  t o  r e d u c t i o n  of e f f e c t i v e n e s s ,  t h i s  may 
lead t o  i g n i t i o n  of t he  b r a k e  d u r i n g  t h e  next  brake a p p l i c a t i o n .  

Proper t i r e  ope ra t ion  i n c r e a s e s  t h e i r  s e r v i c e  l i f e  and 
r e l i a b i l i t y  cons iderably .  Qne o f  t h e  b a s i c  parameters determining 
t i r e  e f f e c t i v e n e s s  i s  t h e i r  working p r e s s u r e ,  which must b e  checked 
c o n t i 2 u a l l y ,  and t h e  a i r p l a n e  should not  be r e l e a s e d  f o r  f l i g h t  w i t h  /208  

excess ive ly  high o r  low pressb,re. If t h e  p r e s s u r e  is low, t h e  t i r e  
may t u r n  on t h e  r i m  du r ing  l a n d i n g  o r  f a i l  du r ing  t akeof f .  I n  
a d d i t i o n ,  w i t h  I n s u f f i c i e n t  p r e s s u r e ,  t he  t i r e  wears out  r a p i d l y  
du r ing  t a x i  because of t h e  l a r g e  deformations.  

I n  h o t  weather o r  i n  case  of  s e v e r a l  s h o r t  f l i g h t s ,  t h e r e  i s  
some t i r e  p r e s s u r e  i n c r e a s e  caused by  h e a t i n g  of t h e  a i r ,  but  t h i s  

i n c r e a s e  i s  usua l ly  no more t h a n  0 .5kg /cm . I n  t h i s  ca se ,  i t  i s  
no t  recommended t h a t  t h e  p r e s s u r e  be b l e d  down t o  t h e  normal va lue  
i n  t h e  heated t i r e ,  s i n c e  t h e  p r e s s u r e  would t h e n  be t o o  low when 
t h e  t i r e  cooled.  

2 

I n  c r d e r  t o  avoid premature t i r e  f a i i u r e ,  they  should b e  

p ro t ec t ed  a g a i n s t  con tac t  w i t h  o i l ,  l u b r i c a n t ,  o r  f u e l ,  s i n c e  t h i s  

s o f t e n s  t h e  rubber .  If t h e  a i r p l a n e  i s  p a r k e d  f o r  an extended 
pe r iod ,  i t  i s  recommended t h a t  t h e  t i r e s  be covered t o  p r o t e c t  t h e  
rubber  from aging  under t h e  in f luence  o f  s u n l i g h t ,  and a l s o ,  t h e  

t i r e s  should b e  unloaded by p l a c i n g  t h e  a i r p l a n e  on j a c k s .  The  
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runup area and t h e  e n t i r e  runway s t r i p  should be c a r e f u l l y  c l e a r e d  
o f  s t o n e s ,  g l a s s ,  and o t h e r  o b j e c t s  which damage t i r e s .  T h i s  i s  
p a r t i c u l a r l y  important  when o p e r a t i n g  a i r p l a n e s  w i t h  h igh  p r e s s u r e  
t i r e s  (10 - 13kgf/cm ) .  2 

2.  I n s t a l l a t i o n  of Assembled Wheel on Airp lane  Landing Gear 

When i n s t a l l i n g  braked wheels on t h e  gear s t r u t ,  t h e  b r a k e  i s  
f i r s t  i n s t a l l e d  on the s t r u t  a x l e  f l a n g e .  As a r u l e ,  brakes are 
r i g h t  hand and l e f t  hand r o t a t i o n ,  depending on t h e  d i r e c t i o n  of 
wheel r o t a t i o n .  The d i r e c t i o n  of  r o t a t i o n  i s  i n d i c a t e d  by an arrcw 
stamped on some p a r t  o f  t h e  brake .  The b - a k e  i s  i n s t a l l e d  (F igu re  
1 4 . 1 )  s o  t h a t  i t s  housing A f i t s  t i g h t l y  t o  t h e  s t r u t  f l a n g e  B 
without  any t i l t ,  and s o  t h a t  t h e  shou lde r  o f  t h e  a x l e  o r  t h e  space r  
s l e e v e ,  which must be p e r f e c t l y  c o n c e n t r i c  t o  t h e  a x l e  s e a t i n g  su r -  
f a c e s ,  be a s l i d i n g  o r  l i g h t  p r e s s  f i t  i n t o  t h e  c e n t r a l  h o l e  of  t h e  

housing. T h i s  ensu res  b r a k e  c e n t e r i n g  r e l a t i v e  t o  t h e  axle .  
Attachment o f  t h e  b r a k e s  by b o l t s  a lone  t o  t h e  g e a r  s t r u t  f l a n g e  i s  
not  pe rmi t t ed ,  s i n c e  any p o s s i b l e  e c c e n t r i c i t y  i n  t h e  b r a k e  i n s t z l -  
l a t i o n  o r  i n s t a l l a t i o n  o f  t h e  b r a k e  w i t h  misalignment leads t o  
abnormal brake ope ra t ion .  

I n  o r d e r  t o  prevent  any p o s s i b l e  b r a k e  misalignment,  t h e  end 
f a c e  of t h e  f lage which t h e  b r a k e  housing j o i n s  m g s t  be a b s o l u t e l y  
pe rpend icu la r  t o  t h e  ax le .  Experience shows t h a t  t h e  ax ia l  wobble 
o f  t h e  f l ange  f a c e  s u r f a c e  a t  t h e  a t t a c h  b o l t  ho le  rad ius  should  
no t  exceed 0 . 5  mm. 

I n  t h e  show o r  expander t u b e  brakes,  t h e  g e n e r a t o r  o f  t h e  

c y l i n d r i c a l  shoe f r i c t i o n  su,;"ace mus t  b e  p a r a l l e l t o  t h e  ax le ,  which / 2 0 9  

i s  ensured by machining t h e  f r i c 5 i o n  l i n i n g  s u r f a c e  a: t h e  

manufac turer ' s  p l a n t ,  

I n  t h e  mounted b rake ,  t h e  l o c a t i o n  o f  t h e  openings f o r  v e r i f y i n g  
and a d j u s t i n g  t h e  c l e a r a n c e s  and t h e  b rake  p r e s s u r e  inpu t  f i t t i n g  
l o c a t i o n  should b e  convenient .  These d e t a i l  p a r t s  should not  be  

l o c a t e d  i n  a r eg ion  blocked by  t h e  gea r  s t r u t  o r  f o r k ,  s i n c e  access  



t o  them w i l l  bo d i f f i c u l t  i n  
t h i s  case .  For convenience i n  
r e l e a s i n g  a i r  from t h e  brake 

chambers o r  t h e  h y d r a l u l i c  brake 
cy1indeL.s when f i l l i n g  t h e  
system wi th  f l u i d ,  i t  i s  recom- 
mended tha t  t h e  d r a i n  p lugs  b e  

l o c a t e d  a t  t h e  to?.  

The brake ,  i n s t a l l e d  on 
Figure 1 4 . 1 .  Brake i n s t a l l a t i o n  t h e  a x l e  observ ing  t h e s e  r u l e s ,  
on gea r  s t r u t  and minimal allow- 
able c l ea rances  between i n d i v i d u a l  
b rake  and wheel components. f l ange  and t h e  b o l t s  are t i g h t e n e d  

Figure  1 4 . 2  shows t h e  i n s t a l l a t i o n  of a d u a l  brake wheel w i t h  

expander tubebrakes i n s t a l l e d  on t h e  gea r  a x l e .  

i s  b o l t e d  t o  t h e  gear s t r u t  

uniformly and s a f t i e d  secu re ly .  

P r i o r  t o  i n s t a l l i n g  t h e  wheel on t h e  s t r u t  a x l e ,  dus t  and 
moisture  are removed from t h e  b r a k e  f r i c t i o n  elements .  If o i l  
a c c i d e n t l y  g e t s  on t h e  shoes,  t h e y  are washed wi th  pure gaso l ine  
and then  d13ied w i t h  a d r y  c l ean  r ag .  P r i o r  t o  assenibly,  t h e  bea r ings  
a r e  packed with grease .  :n o r d e r  t o  avoid g rease  leakage onto  t h e  

brakes  when they  a r e  hea ted ,  t h e  bea r ings  should b e  l u b r i c a t e d  so 
t h a t  t h e  l a b y r i n t h s  between t h e  r o l l e r s  and t h e  r a c e  are j u s t  f i l l e d .  

Grease of  t h e  NK-50 t ype  can be used when o p e r a t i n g  wheels a t  
ambient a i r  tempera tures  above f r e e z i n g  and a l s o  a t  temperatures  down 

50% NK-50 and 50% TsIATIM-201 by weight should be used. The use of 
o t h e r  greases i s  not  recommended. 

t o  -20' C ;  w i t h  ambien t  a i r  temperature  below -20' C ,  a mixture  of  /210  

Afte r  t h i s  p r e p a r a t i o n ,  t h e  wheel i s  s l i d  onto  t h e  ax le ,  t h e  

g rease  s e a l s  and c o n i c a l  s l eeve  a re  i n s t a l l e d ,  a f t e r  which the  
bea r ings  are  t i gh tened  us ing  a s p e c i a l  nu t .  I f  t h e  wheel does not  
have a s p a c e r  s l e e v e ,  t h e  wheel should be r o t a t e d  manually as t h e  

nut  i s  t i gh tened  w i t h  s imultaneous t i g h t e n i n g  of t h e  nut  u n t i l  wheel 
dragging i s  e l t .  T h i s  i n d i c a t e s  t h e  absence o f  a x i a l  c l ea rance  i n  



t h e  r o l l e r  bea r ings .  Fu r the r  
t i gh te l l i ng  o f  t h e  bea r ings  a t  
the expense of  e l a s t i c  deforma- 
t i o n s  o f  t h e  wheel and a x l e  
d e t a i l s  is forb idden .  After  
t h i s ,  the  nut  should be unscrewed 
by the  fo l lowing  amounts t o  
ensu re  normal opera t iona l .  
c l ea rance  i n  t h e  b e a r i n g s  ( i n  
o r d e r  t o  compensate f o r  t h e  

d i f f e r e n c e  o f  t h e  wheel hub and 
a x l e  e l o n n a t i o n s  as t h e  wheel 

B - 
and brake heat up ) :  

- f o r  wheel s i z e s  up t o  I 9 0 0  mm - by one e i g h t h  of a 

and by  one t e n t h  of  a t u r n  f o r  
F igure  1 4 . 2 .  I n s t a l l a t i o n  of  iilrqead p i t c h  2 mm; 
wheel w i th  d u a l  expander tube  
brakes on c a n t i l e v e r  gea r .  - f o r  wl-eel s i z e s  from 

900  t o  1200 mm, by one f i f t h  o f  
a t u r n  f o r  th read  p i t c h  1 . 5  mm and by one s i x t h  of  a %uin  f o r  t h r e a d  
p i t c h  2 mm; 

- f o r  whee l  s i z e s  1200 mm and la rger ,  by one q u a r t e r  of  a t u r n  
f o r  th read  p i t c h  2 mm. 

After  e s t a b l i s h i n g  t h e  o p e r a t i o n a l  c l e a r a n c e ,  t h e  wheel should 
t u r n  f r e e l y  by  hand without  any p e r c e p t i b l e  a x i a l  p l a y .  The  
r e t e n t i o n  nut  i s  s a f t i e d  i n  t h i s  p o s i t i o n .  

When I n s t a l l i n g  a wheel equipped w i t h  a n t i s k i d  s y s t e m  c o n t r o l l e r ,  
p a r t i c u l a r  a t t e n t i o n  must be p a i d  t o  proper  meshing I n  t h e  g e a r i n g  
between t h e  wheel and t h e  c o n t r o l l e r .  The wheel must be r o t a t e d  
s l i g h t l y  i n  o r d e r  t o  f a c i l i t a t e  a s s e m b l y .  If t h e  c o n t r o l l e r  mounting 
i s  such t h a t  i t s  i n s t a l l a t i o n  and removal a f t e r  i n s t a l l i n g  t h e  w h e e l  

on t h e  axle  are  p o s s i b l e ,  i t  should be  i n s t a l l e d  only a f t e r  j n s t a l l i n g  

/ 2 1 1  
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th , .  wheel. When i n s t a l l i n g  t h e  
c o n t r o l l e r ,  t h e  wheel should be 

, 

r o t a t e d  s l i g h t l y  on t h e  a x l e  t o  
f a c i l i t a t e  meshing of  t h e  gea r ing .  

After mounting t h e  wheel on 
the  a x l e .  t h e  t i re  p r e s s u r e  
should  be checked, and t h e  

c l e a r a n c e s  betweer, t h e  wheel, 
t i T e ,  and s t r u t  shoLld a l s o  be 

checked (F igu re  14 .3) .  Not on ly  
is c o n t a c t  no t  a l lowed,  small 

any p a r t  o f  t h e  s t r u t  are no t  

F igure  14.3. Minimal a l lowable  
c l e a r a n c e s  b e t w e n  wheel and c l e a r a n c e s  between t h e  t i r e  and 
gear  s t r u c t u r e .  

pe rmi t t ed .  We must also remember t h a t ,  d u r i n g  o p e r a t i o n ,  t h e  t i r e  
dimensions i n c r e a s e  by  about  4% i n  diameter and by 2 - 3% in h i d t h .  

t he  l and ing  gear are small, they  may disappear d u r i n g  o p e r a t i o n ,  
which leads t o  f a i l u r e  of t h e  t i r e  and t h e  landirig gea r  s t r u c t u r e .  

/212  Therefore ,  i f  t h e  c l e a r a n c e s  between t h e  new t i r e  and any par t  o f  -- 

3 .  I n s p e c t i o n s  

Pe r iod ic  i n s p e c t i o n s  are made t c  prevei;t problems 2nd i d e n t i f y  
and e l i m i n a t e  v a r i o u s  malfunct ions.  The i n s p e c t i o n  t i l l l ing i s  
e s t a b l i s h e d  for each  a i r p l a n e  t y p e  i n d i v i d u a l l y .  The f i rs t  wheel 
and b rake  i n s p e c t i o n  should be  made a f t e r  1 0 0  - 150 landir ,gs ,  
combining t h i s  i n s p e c t i o n  w i t h  a i r p l a n e  i n s p e c t i o n s .  As a r u l e ,  
i n s p e c t i o n s  f o r  t he  modern wheel w i t h  d i s c  b r a k e  inc lude  t h e  
fo l lowing:  whee l  d i sa s sembly  and e x t e r n a l  i n s p e c t i o n ,  brake 
i n s p e c t i o n ,  and d issassembly  and reassembly i f  necessary .  

I n  o r d e r  t o  i n s p e c t  t h e  w h e e l ,  i t  i? necessary  t o  remove I t  

from t h e  a x l e  and,wi+hoat t a k i n g  t h e  b r a k e  from th,o gear,  make an 
e x t e r n a l  i n s p e c t i o n  c f  t h e  wheel and b r a k e .  P r l c r  t o  t h e  i n s p e c t i o n ,  
t h e  i n s i d e  o f  t h e  wheel and brake  shoi:?d b e  c a r e f  c leaned t o  
remove t h e  wear p roduc t s ,  blowing them o u t  w i t h  compressed a i r .  llhzn 
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i n spec t ing  t h e  wheel, p a r t i c a l a r  a t t e n t i o n  should be pa id  t o  t h e  

cond i t ion  o f  t h e  greaso seals and r o l l e r  bea r ings .  The g rease  
seals ( f e l t ,  rubber ,  d r  1 a b ) r i n t h )  should not  have any t r a c e s  o f  
damage o r  excess ive  wear, and the  r o l l e r  bea r ings  should no t  have any 
damage t o  the s e p a r a t o r s  o r  t h e  i n n e r  o r  o u t e r  races. Lubr i ca t ion  
o f  t h e  bear ings  must be wi th in  the  s p e c i f i c a t i o n  l i m i t s .  

I f  greass seal o r  bea r ing  damage i s  found, t h e y  must be 

rep laced  w i t h  new parts, and i f  t h e  l u b r i c s t i o n  i s  no t  adequate ,  it 
must be rep len ished .  There mJst not  be any damage t o  t he  i n n e r  
chainber o f  t h e  drum, a n t f A i d  c o n t r o l l e r  gea r ing ,  o r  bea r ing  space r  
s leeve .  

When i n s p e c t i n g  the t i r e ,  a t t e n t i o n  must be paid t o  i t s  p rope r  
assembly on t h e  wheel drum. S h i f t i n g  o f  t he  t i r e  r e l a t i v e  t o  the  
drum i s  now al lowable.  If t h e  rubber  s i g n a l  l a y e r  ( u s u a l l y  r e d )  
on t h e  t r e a d  s u r f a c e  o r  f a b r i c  i s  showing, t h e  t i r e  i s  not  s u i t a b l e  
f c r  f i i r t i i e r  use and must be rep laced  w i t h  a new t i r e .  

During e x t e r n a l  i n s p e c t i o n  o f  t h e  b r a k e ,  the  t i g h t n e s s  o f  i t s  
s e a l i n g  e i m e n t s  must be checked. Th i s  r e q u i r e s  s e v e r a l  o p e r a t i n g  
precsure  a p p l i c a t i o n  and r e l e a s e  cyc le s .  I f  t h e  p re s su re  i n  t he  
brake does no t  decrease  i n  the  course of 5 -- 1 0  minutes,  t h e  brake 
seals  are considered t o  b e  t i g h t .  I f  IzaKs through t h e  s e a l i n g  
elements m e  found, t h e  brake  i s  disassembled and t h e  seals  are 
rep laced  w i t h  new ones. When p res su re  i s  a p p l i e d  t o  t h e  d i s c  brake,  1213 
t h e  p re s su re  d i s c  must compress t h e  e n t i r e  brake  s t a c k ,  and when t h e  
pressure  i s  r e l e a s e d ,  they  must r e t u r n  t o  t h e  o r i g i n a l  p o s i t i o n .  I n  
t h i s  case ,  t h e  c learance  between t h e  p r e s s u r e  d i s c  -?d t h e  brake 
packet must be no less than  2 - 3 mm. Misalignment Jf  t h e  p re s su re  
d i s c  by  more than  1 . 5  mm i s  not  allowed. If there  i s  misalignment 
o r  i f  there  i; no c l ea rance  between t h e  p r e s s u r e  d i s c  and t h e  packet  
i n  t h e  released cond i t ion ,  a check shoulc  b e  made o f  t h e  ope ra t ion  
of  t he  brake r e l e a s c  components. The b i m e t a l l i c  o r  cermet d i s c s ,  
coupled sJith t h e  brake housing by t h e i r  tenons ,  must d i s p l a c e  f r e e l y  
i n  t h e  axial  d i r e c t i o n .  F a i l u r e  of t h e  tenons t o  mesh w i t h  t h e  b r a k e  

housing i s  not  a l lowable.  Local crclshing no more tnan  0 . 3  mm deep 
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i s  a l lowable  a t  t h e  po in t  of tenon con tac t  w i t h  t h e  brake housing 
s l o t .  Crushing o f  t h e  tenon i n  t he  same l i m i t s  i s  a l s o  a l lowable .  
I f  any malfunct ions o r  damage o f  the  i n d i v i d u a l  brake elements  are 
found, t h e y  must be demounted and taken  apart .  Wnen performing 
i n s p e c t i o n s  and when mounting the  wheel a f t e r  r e p l a c i n g  t h e  t i r e ,  
a very c a r e f u l  check must be made o f  t he  proper  i n s t a l l a t i o n  and 
t i g h t e n i n g  o f  t he  r o l l e r  bea r ings ,  s i n c e  improper t e n s i o n i n g  can 
cause b e a r i n g  and wheel f a i l u r e .  

4 .  T i r e  I n s t a l l a t i o n  and Removal 

S ince  t h e  wheels ari. sub jec t ed  t o  p r e s e r v a t i o n  t rea tment  a t  
t h e  manufac turer ' s  p l a n t ,  t h e y  must be depreserved p r i o r  t o  
i n s t a l l i n g  t h e  t i r e .  The sh ipp ing  p lugs  a r e  removed frcm the  wheel 
hub, t he  i n n e r  r o l l e r  bea r ing  r a c e s  arld a l s o  t h e  spac ing  sleeve are 
removed. The bea r ings  are washed w i t h  c l e a n  g a s o l i n e  and d r i e d .  
The wheel r i m  and i n n e r  p a r t  of  the  hub must be c a r e f u l l y  wiped 
and t h e  c l o t h  cover and paper  i n  which t h e  t i r e  i s  packed a t  the  
f a c t o r y  must be reruoved. I n  o r d e r  t o  avoid  contaminat ion o f  t he  
wheel p a r t e ,  tube ,  o r  i n s i d e  o f  the t i r e ,  assembly i s  performed on 
c l ean  and d ry  decking, plywood, o r  cznvas. The fo l lowing  are 
r equ i r ed  f o r  a s s e m b l y  of  t i r e s  w i t h  an i n n e r  tube :  

- s p e c i a l  f i x t u r e  GP t o o l  f o r  mounting tFLe t i r e  - a wooden 
mallet ,  metal pry bars ,  snd t i r e  i r o n s ;  

- set of wrenches ( f o r  t i g h t e n i n g  valve n u t s  and t h e  through- 
b o l t s  on s p l i t  wheels); 

- t a l c  f o r  dLs t ing  t h e  i m e r  tube  and i n n e r  s u r f a c e  o f  t h e  

t i r e  ; 

- pres su re  gauge f o r  measuring t h e  p re s su re  ( w i t h  s c a l e  d i v i -  
2 s i o n s  no more than  0.5kgf/cm ) and w i t h  s p e c i a l  a d a p t e r s .  

If t h e  t i r e  has been u s e d  p rev ious ly ,  i t  must b e  c a r e f u l l y  
in spec ted  p r i o r  t o  mounting on t h e  wheel ,  on both t h e  o u t s i d e  a22 

i n s i d e  a f t e r  removing a l l  sand and d i r t  from t h e  t i r e .  Af t e r  t h i s  

/?14 check, t h e  i n n e r  tube  and t h e  i n n e r  s u r f a c e  of  t h e  t i r e  are dus ted  -- 
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mounting on to  t h e  wheel. During 
mounting o f  i n n e r  t u b e s  w i t h  r i m  
s t r i p s ,  t h e  s t r i p  is p laced  on 
t h e  band p a r t  o f  t he  i n n e r  t u b e  
a long  t h e  e n t i r e  c i rcumference,  
t h e  va lve  i s  i n s e r t e d  i n t o  t he  
s t r i p  ho le ,  a f t e r  which t h e  

F igure  14.8. Mounting t i r e  on 
s p l i t  wheel. 

edges of  t h e  s t r i p  are directed 
between t h e  i n n e r  t ube  and t h e  

t i re  bead a long  t h e  e n t i r e  circumference.  Then the removable flange 
is plaeL-d on the drum and fo rced  down on the drum, f l a t t e n i n g  o u t  
t h e  t i r e  u n t i l  i S  becomes .poss ib le  t o  i n s t a l l  t h e  f l a n g e  lock 
( locking  half  r i n g s  wi th  keys o r  p i n s )  i n  i ts p lace .  After t h i s ,  
t he  removable f l a n g e  i s  p u l l e d  up by i n c r e a s i n g  the p r e s s u r e  i n  
t h e  tube.  

If the removable f l a n g e  c o n s i s t s  o f  two h a l f  f l anges ,  the  t i r e  
bead i s  forced  toward t h e  nonremovable drum f l a n g e  u n t i l  it i s  
p o s s i b l e  t o  i n s t a l l  the  half  f l a n g e s  f r e e l y  on t h e  drum r i m .  I n  
t h i s  case, t h e  p r o t r u d j n g  p a r t s  o f  t h e  'teys must e n t e r  t h e  mating 
half  f l a n g e  recesses. T i r e s  having ba lance  marks ( r e d  c i r c l e  i n  t h e  
lower p a r t  of t he  s i d e w a l l )  must be i n s t a l l e d  on the  r i m  so  t h a t  
t h e  red c i rc le  is  a l i g n e d  w i t h  the i n n e r  t ube  va lve .  

hounting tire with inner tube on sptit wheet. 
t i r e  on a s p l i t  wheel (F igure  14 .8) ,  we f i r s t  separate t h e  wheel 
ha lves  and remove the  t i e b o l t s .  The t i r e  w i t h  i n n e r  t ube  i n s i d e  i s  
s l i p p e d  on t h e  h a l f  wheel r i m  s o  t ha t  t h e  i n n e r  tube  va lve  e n t e r s  
t h e  hole  i n  the  r i m .  It i s  recommended tha t  two diametr ical ly  
opposed t i e b o l t s  be p laced  i n  t he  second ha l f  wheel so t h a t  t h e  
p r o t m d i n g  b o l t  ends e n t e r  t he  corresponding t i e b o l t  h o l e s  i n  t h e  
first half  wheel, af ter  which, they  are jo ined .  The first two b o l t s  
are i n i t i a l l y  screwed i n  and t i g h t e n e d  w i t h  a normal wrench, t h e n  
t h e  remaining b o l t s  are t i g h t e n e d  i n  a c r i s s c r o s s  p a t t e r n .  
Excessive,  inadequate ,  o r  nonuniform t i g h t e n i n g  can lead t o  b o l t  
fa i lure  du r ing  ope ra t ion .  

When mounting a 
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Mounting t i r e  w i t h  i n n e r  
t u b e  on >heel w i t h  i n t e g r a l  
f t a n g s .  The wheel is placed on 
wooden b locks  so t h a t  t h e  wide 
r i m  c o l l a r  is  down and t h e  narrow 
c o l l a r  is  up (F igu re  14.9).  The /218 
t i r e  w i t h  i n n e r  t ube  i n s i d e  and 
s l i g h t l y  i n f l a t e d  i s  placed on 
the  wheel s o  that t h e  i n n e r  t u b e  
va lve  i s  o p p o s i t e  t h e  h o l e  i n  the 
wheel r i m .  The t i r e  bead i s  
guided on to  t h e  wheel w i t h  the  

a id  of a t i r e  i r o n .  The i n n e r  . - .  

t ube  valve is  d i r ec t ed  i n t o  the  
r i m  ho le ,  t h e  i n n e r  t u b e  f o l d s  
are s t r a i g h t e n e d  o u t ,  and t h e  

o t h e r  t i r e  bead is guided on to  
the  wheel r i m  w i t h  the  aid of  Figure 14.9.  Mounting t i r e  on 

wheel w i t h  nonremovable f l ange .  t i r e  i r o n s .  The second bead 

should t e  started from a s p o t  
oppos i t e  t he  va lve ,  and then  g radua l ly  around t h e  e n t i r e  c i rcumference 
so  tha t  p inching  o f  t h e  i n n e r  t ube  does not  take p l a c e .  

After mounting t h e  t i r e ,  it i s  i n f l a t e d  by compressed a i r  from 
a ground s e r v i c i n g  b o t t l e ,  which should be equipped w i t h  a pressure 
gauge and reducing  valve.  I n f l a t i n g  t h e  t i r e  wi thout  a p r e s s u r e  
gauge and reducing  valve i s  not  pe rmi t t ed .  The compressed a i r  ~ . - ? c i  

t o  i n f l a t e  the t i r e  must be  c l e a n  and have moisture  c0nter.t w i t h i n  
t h e  s p e c i f i c a t i o n s .  

S ince  a l l  t i r e  cas ings  a r e  made w i t h  s t r e t c h  f i t  over  t h e  

s e a t i n g  diameter, t h e  i n s t a l l a t i o n  of  t h e  c a s i n g  beads on t h e  drum 
shoulder  wi th  a s t r e t c h  f i t  i s  accomplished by i n t e r n a l  z i r  p res su re .  
The use of any l u b r i c a n t  t o  f a c i l i t a t e  s e a t i n g  on t h e  r i m  i s  
a b s o l u t e l y  forbidden.  .There should not  be any c l ea rance  between 
the  wheel f l a n g e  and t i r e  bead i n  a t i r e  which i s  c o r r e c t l y  
mounted and i n f l a t e d  t o  t he  working pressure.  
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Figure  1 4 . 1 1 .  Mechanical t i r e  p u l l e r .  
1- p in ;  2- frame; 3- wrench; 4- l o a d i n g  screw; 5- block;  6- 
nu t ;  7 ,  8- handles;  9- screw; 10- a n v i l ;  11- guide ;  12- 
s l eeve ;  13- a x l e ;  1 4 -  pad; 15- s t u b  s h a f t ;  16- a n v i l  body; 
17- bear ing;  18- set screw; 19- nu t ;  20- s l eeve .  

When demounting a t i r e  which h a s  bonded i t s e l f  s e c u r e l y  t o  t h e  -- /219 
wheel f l a n g e s ,  it i s  necessary  t o  unscrew t h e  load ing  screw p a r t  
way ar? i n c r e a s e  t h e  number o f  r e s e t t i n g s  of  t h e  p u l l e r  on the  wheel 
t o  avoid excess ive  pad misalignment and large t i r e  bead d e f l e c t i o n ,  
which can lead t o  bead damage. The removal of t h e  t i r e  bead frcm 
t h e  removable wheel f l a n g e  i s  performed s i m i l a r l y  t o  t h e  procedure 
desc r ibed  above. I n  o r d e r  t o  prevent  dropping o f  t h e  removable 
wheel f l ange  a long  w i t h  t h e  t i r e ,  i t  is  recommended tha t  t h e  removable 
f l ange  b e  t i l t e d  on t h e  drum by one-sided p r e s s u r e  on the  t i r e  by  a 
s i n g l e  load ing  screw. Af te r  removing t h e  removable f l a n g e ,  t h e  t i r e  
i s  e a s i l y  removed from t h e  drum. 

I n  t h e  absence crf a p u l l e r ,  t h e  t i r e  can b e  reinoved fron: t h e  

wheel manually w i t h  t h e  a i d  of  a pry bar and t i r e  i r o n .  
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I n  t h e  win ter t ime,  t i r e  moun+*ng and demounting should be 
performed i n  a room with t h e  a j ,  temperature  above f r eez ing .  Whm 
it is necessary t o  perform t”e mounting and demounting a t  tempera- 
t u r e s  below f r e e z i n g ,  spec :e l  ca re  should be  taken  t o  p r o t e c t  t h e  
i n n e r  t ube  from damage kscause of  i t s  inc reased  s t i f f n e s s .  

/ 

Mounting and d,hounting of tubeles:. t i r e s  does not d i f f e r  
/ fundamentally frc;A mounting and demounting of tires u i t h  an i n n e r  

tube.  
n e c e s s i t y  fo r ; f a s t e r  i n f l a t i o n  o f  t he  t i r e  w i t h  a i r ,  which is  
achieved by,,removing t h e  core from the  valve p r i o r  t o  beginning 
i n f l a t i o n  e’ With the  valve core  rehoved, t h e  t i r e  is  r a p i d l y  I n f l a t e d  
w i t h  aiv,/s’+and a t  a p res su re  o f  2 - 3kgf/cm2, par t ia l  s e a t i n g  o f  t h e  
% i r e  kr6ads on the  p r o f i l e d  par t  o f  t h e  drum takes p lace ,  c r e a t i n g  a 
ti@..! seal. 
i F  ’ i n f l a t e d  w i t h  a i r  t o  t he  ope ra t ing  p res su re .  

One c h a r k t e r i s t i c  f e a t u r e  o f  the  r m n t i n g  process  is t h e  
/ 

/ I 

After t h i s ,  t h e  va lve  core  is screwed i n  and the  t i r e  

/ 
I 

I 
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